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ABSTRACT
AN INVESTIGATION INTO THE STEREOCHEMISTRY OF THE 
Sn2» REACTION. 2 , 2 ,2-TRIFLUOROETHANOLYSIS OF t r a n s -  
AND cis-4-PHENYLTHIO-2-CYCLOHEXENYL £-NITROBENZOATE 
AND RELATED COMPOUNDS
by
RICHARD F . MILASZEWSKI
The s te r e o c h e m is t ry  o f  th e  Sn2* r e a c t io n  has been 
i n v e s t i g a t e d .  The s y n th e s e s  o f  c i s -  and t r a n s - 4 - ( 2 1 -am ino- 
e t h y l ) - 2 -c y c lo h e x e n y l 2 , 6 -d ic h lo ro b e n z o a te  w ere a tte m p te d  by 
two m ajo r s y n th e t i c  p a th w ay s . Both w ere u n s u c c e s s fu l  and 
a r e  d is c u s s e d .  The 2 , 2 ,2 - t r i f l u o r o e th a n o ly s e s  o f  c i s - 4 -  
p h e n y l th io - 2 -c y c lo h e x e n y l £ - n i t r o b e n z o a te  ( 5 6 ) , t r a n s - 4 - 
p h e n y l th io - 2 -c y c lo h e x e n y l £ - n i t r o b e n z o a te  ( 5 7 ) , and t r a n s - 
6 -p h e n y l th io -2 -c y c lo h e x e n y l  £ - n i t r o b e n z o a te  (58) and r e l a t e d  
compounds w ere s tu d i e d .  The s o lv o ly s i s  p ro d u c t d i s t r i b u t i o n  
from  56, 52., and 58 was s im i l a r .  The r e s u l t s  su g g e s te d  
t h a t :  ( 1 ) s u l f u r  can  p a r t i c i p a t e  in t r a m o le c u la r ly  in  an
Sn2! m anner. (2 ) The s te r e o c h e m is t ry  o f  th e  Sn2* r e a c t io n  
can  be one t h a t  r e s u l t s  from e i t h e r  p a r t i c i p a t i o n  in  a  c i s
o r  t r a n s  m anner. (3 ) A sm a ll p r e fe r e n c e  e x i s t s  f o r  t r a n s
Sn2* p a r t i c i p a t i o n ,  k  / k  . ~  6 . Both a  " c o n c e r te d "u idns c i s
Sn2‘ m echanism  and an " io n - p a i r "  m echanism  a r e  d is c u s s e d .
INTRODUCTION
An a l l y l i c  s u b s t r a t e  (1 ) b e a r in g  a  d i s p la c e a b le
g ro u p , X, has  two a v a i l a b l e  s i t e s  f o r  b im o le c u la r  n u c le o -  
p h i l i c  d isp la c e m e n t (Scheme I ) .  A tta c k  by a  n u c le o p h i le ,  Y, 
a t  th e  a -c a rb o n  atom (Sn2 d is p la c e m e n t)  r e s u l t s  in  an u n r e ­
a r ra n g e d  s u b s t i t u t i o n  p ro d u c t ( 2 ) .  N u c le o p h i l ic  a t t a c k  by 
Y a t  th e  7 -c a rb o n  atom  le a d s  to  a  r e a r ra n g e d  p ro d u c t ( 3 ) ,  
one in  w hich  th e  d o u b le  bond h as  m ig ra te d  from  th e  7 - 0  to
th e  0 -a  p o s i t i o n .  T h is  l a t t e r  mode o f  n u c le o p h i l i c  d i s -
1  2p lacem en t has been  g iv e n  th e  m e c h a n is t ic  l a b e l  Sn2* , 5 and 
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2G e n e ra l ly  w ith  p rim ary  a l l y l i c  s u b s t r a t e s  (R -^H H )
2
th e  Sn2 pathw ay i s  d o m in an t. When th e  a l l y l i c  s u b s t r a t e  i s
3 4 -6a l t e r e d  s t e r i c a l l y  (R^=H, R2 =CH2 ) o r  s t e r e o - e l e c t r o n i c a l l y
(R^R2 =C1 ) , th e  Sn2' pathw ay can  become im p o r ta n t .
F o r many y e a r s  i t  has  been a c c e p te d  t h a t  th e  Sn2' r e ­
a c t io n  o c c u rs  in  a  c o n c e r te d  o r  sy nch ronous man ner ^ ’ t h a t  
i s ,  bond b re a k in g  i s  s im u lta n e o u s ly  a id e d  by bond fo rm a tio n .
The syn ch ro n o u s n a tu r e  o f  th e  Sn2' m echanism  has  been  th e
6 8 8 s u b je c t  o f  c o n tro v e rs y  ’ , w i th  B ordw ell l a b e l l i n g  i t  a
"m yth". A f te r  a  c r i t i c a l  re v iew  o f  th e  l i t e r a t u r e  and a f t e r
9-11exam in in g  a l l y l i c  sy stem s t h a t  w ere good c a n d id a te s  f o r  
Sn2* r e a c t i o n s ,  he co n c lu d ed  t h a t  r e a c t io n s  p re v io u s ly  d e s ­
c r ib e d  a s  p ro c e e d in g  v i a  a c o n c e r te d  Sn2* pathw ay , o cc u r i n ­
s t e a d ,  by i o n - p a i r  Sn2’ m echanism s o r  o th e r  a l t e r n a t i v e  p a th ­
w ays. Yet in  h i s  i n v e s t i g a t i o n  o f  th e  r e a c t io n  o f  3 - ( a - h a lo -  
a -m e th y le th y l)b e n z o  [b ] th io p h e n e  1 , 1 -d io x id e  (4) w ith
n u c le o p h i le s  su ch  as  th io p h e n o x id e , b e n z e n e s u lf in a te  and 
11a z id e  , a  c o n c e r te d  Sn2’ m echanism  co u ld  n o t  be u n e q u iv o c a lly  




Nu = C,H_0 °
6 5 ©  CgHgSO,
n 30
Me = CH3
Sneen, a  cham pion o f  n u c le o p h i l ic  s u b s t i t u t i o n s  
12-16o c c u r r in g  a t  i o n - p a i r s  , s h a re s  B o rd w e ll 's  v iew  and 
r e c e n t l y  r e p o r te d  th e  in t e r v e n t io n  o f  th e  i o n - p a i r  Sn2' 
p a t h ^  in  th e  r e a c t io n  o f a - m e th y la l ly l  c h lo r id e  w ith  
p h enox ide  (Scheme I I ) .
S to rk  and W hite in v e s t ig a te d  th e  r e a c t io n  o f  a  
s e r i e s  o f  t r a n s - 6 - a l k y l - 2 -c y c lo h e x e n y l 2 , 6 - d ic h lo ro b e n z o a te s  
(5 ) w ith  p ip e r id in e  in  x y le n e . In  e a c h  ca se  th e  r e a c t io n  
m a n ife s te d  b im o le c u la r  k i n e t i c s ,  le d  e x c lu s iv e ly  to  r e a r ra n g e d  
p ro d u c ts  (6 ) ,  and was c o n s i s t e n t  w ith  th e  r e a c t io n  o c c u r r in g  
by th e  Sn2* pa thw ay . The s te r e o c h e m is t ry  o f  th e  p ro d u c ts  
( 6 ,) r e s u l t e d  from  p ip e r id in e  a t t a c k in g  th e  s ix  membered r in g  
c i s  to  th e  le a v in g  g ro u p . The s te re o c h e m ic a l  e v id e n c e  was in  












R = CH3 , CH(CH3) 2 , C(CH3 ) 3
However, th e  p o s s i b i l i t y  t h a t  hydrogen  bonding  im p a rts  a 
d i r e c t i v e  fo rc e  was re c o g n iz e d  and a  t r a n s i t i o n  s t a t e  d e ­
p ic t e d  by (2 ) was p o s tu l a t e d .
B —H --0  -  C
]_ ( c h a i r )
O
617The k i n e t i c  d a t a  w hich  m a n ife s te d  a  v e ry  s l i g h t  
in c r e a s e  in  r a t e  in  g o in g  from  R=m ethyl to  R = jt-b u ty l was in  
ag reem en t w ith  t r a n s i t i o n  s t a t e  ]_ w here th e  r in g  i s  in  i t s  
lo w e s t e n e rg y  c o n fo rm a tio n . E i th e r  a  h a l f - b o a t  c o n fo rm a tio n  
w here th e  a l l y l i c  hydrogen  and h o m o a lly l ic  R a re  n e a r ly  co - 
p l a n a r ,  7 a , o r  a  c h a i r  c o n fo rm a tio n  w here R i s  a x i a l ,  7 b , 
w i l l  become h ig h e r  e n e rg y  co n fo rm atio n s  a s  th e  s i z e  o f  th e  R 
g ro u p  in c r e a s e s ,  and a  r a t e  d e c re a s e  would be e x p e c te d .
7a  ( h a l f - b o a t )
Ar
R
7b (c h a ir )
8 10I t  was s u g g e s te d  * t h a t  th e  o b se rv ed  s te r e o c h e m is t ry
need  n o t  be i n t e r p r e t e d  as  e v id e n c e  f o r  th e  synch ronous
n a tu r e  o f  th e  abnorm al a l l y l i c  d is p la c e m e n t.  An io n - p a i r
m echanism  t h a t  in c lu d e s  th e  r o l e  o f  hydrogen b o n d in g ^  co u ld
17a l s o  a c c o u n t f o r  th e  o b se rv ed  s te re o c h e m ic a l  p r e fe r e n c e  
(Scheme I I I ) .
SCHEME I I I
SLOW
Clx - J _/0;
Cl
oB = N
Y et th e  r e a c t io n  o f  t r a n s - 6 - t - b u ty l - 2 - c y c lo h e x e n y l  2 , 6 -  
d ic h lo ro b e n z o a te  ( 8 ) w ith  sodium  d i-n -b u ty lm a lo n a te  by th e  
Sn2’ p a th w a y ^  gave e x c lu s iv e ly  th e  t r a n s  p ro d u c t (9.) . I t  
i s  n o tew o rth y  t h a t  w ith  t h i s  sy stem  w here th e  d i r e c t i v e  in -
8f lu e n c e  o f  hydrogen  bond ing  c a n n o t be in v o k ed , th e  c i s  s p a t i a l  
r e l a t i o n s h i p  o f  th e  incom ing n u c le o p h i le  (m a lo n a te )  to  t h a t  
o f  th e  le a v in g  g roup  ( 2 , 6 - d ic h lo ro b e n z o a te )  was m a in ta in e d .
d e te rm in e d  t h a t  th e  c i s  e n t r y  o f  a  n u c le o p h i le  was th e  p r e ­
s im i l a r  to  t h a t  o f  s ig m a tro p ic  r e a c t i o n s ,  a g re ed  t h a t  a  c i s  
e n t r y  was p r e f e r r e d  (Scheme IV) b u t o n ly  i f  th e  bond b re a k in g  
o f  th e  X-C-3 bond p re c e e d s  fo rm a tio n  o f  th e  Y -C -l bond. How­
e v e r ,  when th e  Y -C -l bond fo rm in g  and th e  X-C-3 bond b re a k in g  




c h (c o 2 r ) 2
8 9
R = n - b u ty l
18D re n th  , a p p ly in g  F u k u i1 s f r o n t i e r  e l e c t r o n  method
19f e r r e d  pathw ay in  an Sn2* r e a c t i o n .  Anh , in  a  t r e a tm e n t
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20Borden and C orey have r e p o r te d  a  s y n th e s i s  o f  o p t i ­
c a l l y  a c t i v e  l , 3 - d i - t_ - b u ty la l l e n e  t h a t  r e s u l t s  from  h y d r id e  
a t t a c k  in  an Sn2! m anner, w here a  t r a n s  s p a t i a l  r e l a t i o n s h i p  
o f  th e  incom ing h y d r id e  to  t h a t  o f  th e  s u l f o n a te  le a v in g  
g ro u p  i s  p r e f e r r e d  (Scheme V ) .
H SCHEME V C(CH3 ^ 3
(CH3) 3 C-C = C -C ^ rC  (CH3) 3
SO,
0
(c h 3 ) 3 c -c = c -c ’^  h
O CH2 
$
CH2 X  / °  
S02
Sn2« LiAlH. Sn2« LiAlH,
( ch3) 3c
H. H
X c = c < "
/  N .
C ( CH3 ) 3
( - ) R
H „,C (C H 3 ) 3
y  C=C=C‘
(ch 3 ) 3 c ^  ^ h
(+)S
10
C e r ta in ly ,  th e  f a c t o r s  w hich in f lu e n c e  th e  s t e r e o ­
c h e m ic a l outcom e o f  th e  Sn2’ r e a c t io n  rem ain  u n an sw ered . The 
p u rp o se  o f  t h i s  i n v e s t i g a t i o n  was to  f u r t h e r  exam ine th e  
s te r e o c h e m is t ry  o f  th e  Sn2! r e a c t io n  w ith  n u c le o p h i le s  t h a t  
w ere now an  i n t e g r a l  p a r t  o f  th e  a l l y l i c  s u b s t r a t e .  We chose 
to  exam ine th e  b e h a v io r  o f c i s - 4 -  and t r a n s - 4 - ( 2 >-a m in o e th y l) -
2 -c y c lo h e x e n y l 2 , 6 - d ic h lo ro b e n z o a te s  ( 1 0 a ) in  a  h y d ro ca rb o n  
21s o lv e n t .  An in t r a m o le c u la r  Sn2' r e a c t io n  would le a d  to  11.
NH,
OCAR S n2j  > + ARC02H
1 0 a  1 1
I n t e r n a l  a l l y l i c  re a rra n g e m e n ts  su ch  a s  th o se  o b se rv ed
22w ith  a l l y l  a lc o h o ls  and th io n y l  c h lo r id e  , have been  l a b e l le d
S n i ' . C e r t a in ly  th e  r e a c t io n  o f  10a to  11 can  be c a l l e d  an 
23Sni* r e a c t io n  ; how ever, f o r  th e  p u rp o se s  o f  t h i s  t h e s i s
th e  a u th o r  p r e f e r s  to  c a l l  th e  t r a n s f o rm a t io n  o f  1 0 a-» l l  an
in t r a m o le c u la r  Sn2> r e a c t i o n . ^
In  b o th  c i s  and t r a n s - lO a , th e  amino group  can  
17 25o r i e n t  i t s e l f  f a v o ra b ly  ’ f o r  Sn2f a t t a c k .  However, o n ly  
w ith  c i s - lOa i s  hydrogen  bonding p o s s ib le  betw een th e  amino
11
and 2 , 6 -d ic h lo ro b e n z o a te  m o ie t ie s  (Scheme V I ) .  I n s p e c t io n  
o f  m o le c u la r  m odels s u g g e s ts  t h a t  b o th  co n fo rm ers  o f  c i s - lOa 
a r e  c a p a b le  o f  hydrogen  b o n d in g .
SCHEME VI
H Ar





N-H - 0 =r C
H
c is - lO a
Ar
0 =  C
/
H
0 = C /
Ar
tr a n s - lO a
12
The i n v e s t i g a t i o n  o f  b o th  c i s -  and t r a n s - lOa sh o u ld
le a d  to  more in fo rm a t io n  on th e  s te r e o c h e m ic a l  c o u rse  o f  th e  
Sn2' r e a c t i o n .  More s p e c i f i c a l l y ,  we w anted to  d e te rm in e  
w h e th e r  th e  Sn2* r e a c t io n  would p ro ceed  w ith  a  t r a n s  n u c le o -  
p h i l i c  e n t r y  and t o  compare t h i s  r o u te  w ith  t h a t  o f  a  c i s  
n u c le o p h i l i c  e n t r y  (Scheme V I ) .
th e  c o r re s p o n d in g  an a lo g u e s  1 0 b , 1 0 c by e i t h e r  o f  th e  two 
m a jo r  s y n th e t i c  r o u te s  t h a t  w ere a t te m p te d . The s y n th e t i c  
pathw ays and th e  r e s u l t s  o f  o u r  e f f o r t s  a re  d is c u s s e d  in  
S e c t io n  I I .  _
th e  f a c t o r s  g o v e rn in g  th e  s te re o c h e m ic a l  outcome o f  th e  Sn2' 
r e a c t i o n .  They ch o se  to  i n v e s t i g a t e  th e  b e h a v io r  o f  c i s - 
and t r a n s - 4 -p h e n y l th io -2 -c y c lo h e x e n y l  3 ,5 - d in i t r o b e n z o a te s  
in  80% aqueous a c e to n e .  The p rob lem  r e s t e d  i n  d e te rm in in g  
w h e th e r  s u l f u r  c o u ld  p a r t i c i p a t e  in  an Sn2> f a s h io n  and i f  
p a r t i c i p a t i o n  was b e t t e r  in  a  c i s  m anner o r  w h e th e r p a r t i c i -




a = CH2 CH2 NH2 
b = CH2 CH2NHR 
c = CH2 CH2 0 Na
Z
10
A r l t  and U ebel 26 w ere a l s o  i n t e r e s t e d  in  e lu c id a t in g
13
p a t io n  was b e t t e r  in  a  t r a n s  m anner.
ph-S  ] P h -S ^  ODNB
\  / w------ ODNB \  /
t r a n s c i s
1 7
DNB = 3 ,5 -D in i t ro b e n z o y l
The p r e l im in a ry  r a t e  d a ta  o b ta in e d  by A r l t  and 
U eb el i s  sum m arized in  T a b le  1 .
I n s p e c t io n  o f  th e  v a lu e s  f o r  th e  t i t r i m e t r i c  r a t e  
c o n s ta n ts  (k t ) f o r  12 and 13. s u g g e s ts  t h a t  s u l f u r  i s  n o t  
p a r t i c i p a t i n g  in  th e  r e a c t i o n .  However, b e fo re  a  more 
d e f i n i t i v e  c o n c lu s io n  can  be made c o n c e rn in g  s u l f u r  p a r t i c ­
i p a t i o n ,  th e  c o n t r ib u t io n  o f  th e  s o lv e n t  a s s i s t e d  (k ) ands
s u l f u r  p a r t i c i p a t i n g  (Fk^1) pathw ays to  th e  o b se rv ed  v a lu e
27o f  k fc m ust be d e te rm in e d . Noyce and C as ten so n  and 
28 29o th e r s  ’ have d e m o n s tra te d  th e  power o f  a  Hammett t r e a t ­
m ent o f  th e  r a t e  d a ta  i n  o b ta in in g  th e  v a lu e  f o r  th e  p e r ­
c e n ta g e  o f  F k^1 . A Hammett p l o t  o f  th e  d a ta  in  T a b le  1 i s
i l l u s t r a t e d  i n  F ig u re  1.
The k g pathw ay i s  d e f in e d  by th e  l i n e  o b ta in e d  w ith  
14 and 15, (F ig u re  1 ) .  By in s p e c t io n ,  no p a r t i c i p a t i o n  by
s u l f u r  i s  e v id e n t  f o r  13 and k. = k  . However, a  r a t e  e n -—  t  s
hancem ent i s  n o te d  f o r  12 .  D e te rm in in g  k g f o r  12. from
14
T able 1
F i r s t  O rder R ate  C o n s ta n ts  O b ta in ed
in  80% Aqueous A cetone a t  120c
Compound4 1ft6. - V  1 0  k  sec r e l .
ODNB
12 135 0 .4
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* 1
F ig u re  1. Hammett P lo t  o f  D a ta  from  T ab le  1 O b ta in ed  in  
80% Aqueous A ce to n e .
16
F ig u re  1 and s o lv in g  e q u a t io n  1 f o r  F k^’ shows t h a t  th e  
s o lv o ly s i s  o f  12 in v o lv e s  74% ( F k ^ '/k t  X 100) o f  a  pathw ay 
in  w hich  s u l f u r  i s  p a r t i c i p a t i n g  in  th e  r a t e  d e te rm in in g  
s t e p .
k t  = F k^ ' + k s ( 1 )
I t  sh o u ld  be n o te d  t h a t  Fk^ ' can  r e p r e s e n t  p a r t i c ­
ip a t io n  in  e i t h e r  a  Sn2! f a s h io n ,  in  a  1 ,4 -m an n er o r  b o th ,  
and t h a t  p ro d u c t a n a ly s i s  was in  i t s  p r e l im in a ry  s t a g e .  I f  
i t  i s  assum ed t h a t  p a r t i c i p a t i o n  in  a  1 , 4 -m anner i s  u n fa v ­
o ra b le  f o r  1 2 ,, th e n  th e  k i n e t i c  d a ta  s u g g e s t  t h a t  p a r t i c i ­
p a t io n  in  a  t r a n s  Sn2' f a s h io n  i s  f a v o re d ,  c o n t r a ry  to  th e  
g e n e r a l ly  a c c e p te d  v i e w . ^  However, i t  sh o u ld  be n o te d  
t h a t  1 2  i s  g e o m e tr ic a l ly  d is p o s e d  to  p a r t i c i p a t i o n  in  a
1 ,4 -m an n e r. Thus th e  k i n e t i c  r e s u l t s  rem ain  in c o n c lu s iv e  
r e g a rd in g  th e  mode o f  s u l f u r  p a r t i c i p a t i o n  (Scheme V I I ) .
From s t e r i c  c o n s id e r a t io n s ,  th e  b a c k s id e  d i s p l a c e ­
m ent by s o lv e n t  (k  ) i s  e x p e c te d  to  be more f a v o ra b le  w iths
th e  c i s  iso m e r , 13. However, even  w ith  12, w here th e  k ™ “  s
ro u te  i s  h in d e re d ,  i t  s t i l l  n e v e r th e le s s  r e p r e s e n t s  26% o f 






P ro d u c ts  P ro d u c ts
The r e s u l t s  s u g g e s t  t h a t  more s i g n i f i c a n t  p a r t i c i p a ­
t i o n  by s u l f u r  m igh t be found in  a  s o lv e n t  o f  low n u c le o p h i l -  
30i c i t y  and h ig h  io n iz in g  pow er. In  su ch  a  s o lv e n t  th e  k s
p ro c e s s  i s  s u p p re s se d  and th e  p ro c e s s  f a v o re d . F o r e x -
31 32am p le , N o rd lan d e r  and Deadman and o th e r s  have shown t h a t
th e  p r o p o r t io n  o f a  r e a c t io n  t h a t  p ro c e e d s  w ith  p a r t i c i p a t i o n
(k ^ * /k g ) in c r e a s e s  in  p ro c e e d in g  to  a  s o lv e n t  o f  low er n u c le o -
p h i l i c i t y  and h ig h e r  io n iz in g  power (T ab le  2 ) .
2 , 2 ,2 - T r i f lu o r o e th a n o l  (TFE) seemed to  be th e  s o lv e n t
33o f  c h o ic e .  I t  i s  a  s o lv e n t  o f  h ig h  io n iz in g  power (Y =
1 .0 4 )  and low n u c l e o p h i l i c i t y . B e n tle y  and L acod ie  have
18
T a b le  2
R ate  D a ta  f o r  S o lv o ly se s  o f  2 -P ro p y l T o s y la te  
and l -P h e n y l- 2 - p ro p y l  T o s y la te
S o lv e n t T e m p e ra tu re , ° C
k p h e n y lp ro p y l 
k p ro p y l
c 2 h5oh 50 0 .1 6
c h 3 co 2h 70 0 .4 0
hco2h 25 0 .5 8
c f 3 co2h 25 2 0 . 1
^ a k e n  from  r e f e r e n c e  31.
19
p la c e d  th e  n u c l e o p h i l i c i t y  betw een  t h a t  o f  a c e t i c  a c id  and 
t r i f l u o r o a c e t i c  a c id .
2 6 33ciNoyce and h i s  c o -w o rk e rs  * have shown t h a t  i n t r a ­
m o le c u la r  a r y l  p a r t i c i p a t i o n  p red o m in a te s  o v e r  th e  s o lv e n t  
a s s i s t e d  pathw ay in  t h e i r  s tu d y  o f  p - a r y l e t h y l  t o s y l a t e s .
F o r exam ple , i n  TFE a t  7 5 ° , k (p h e n e th y 1 ) / k ( e th y 1) = 1 2 .5 ,  
w h ile  in  e th a n o l ,  a t  th e  same te m p e ra tu re ,  k (p h e n e th y 1 ) /k -  
( e th y l )  = 0 .2 4 ." ^ k
36T rahanovsky  and D oyle have d e m o n s tra te d  t h a t  th e  
r a t i o  o f  open c h a in  to  c y c l i c  p ro d u c ts  in  th e  s o lv o ly s i s  o f  
5 -h e x e n y l p - n i t r o b e n z e n e s u l f o n a te s  ( 1 6 ) , can  be i n t e r p r e t e d  
a s  a  m easure o f  s o lv e n t  n u c l e o p h i l i c i t y .  The s o lv e n t  a s s i s t ­
ed p ro c e s s  (k g) le a d s  to  open c h a in  p ro d u c ts  w hereas th e  
n e ig h b o r in g  group  p r o c e s s ,  ( k ^ ) , le a d s  to  c y c l iz e d  p r o d u c ts .  
The s o lv o ly s i s  o f  16 in  TFE gave 78% o f  c y c l iz e d  p ro d u c ts  
and 6.7% o f  an u n c h a r a c te r iz e d  m ix tu re  (Scheme V I I I ) .  The 
h ig h e s t  p r e v io u s ly  r e p o r te d  y i e ld  o f  c y c l i c  p ro d u c ts  from  
16 was 73%, o b ta in e d  in  fo rm ic  a c id .  Thus n e ig h b o r in g  group  
p a r t i c i p a t i o n  was b e s t  in  TFE and i t  was l a b e l l e d  as  th e  
" l e a s t  n u c le o p h i l i c  s o lv e n t  to  d a t e " .
The o b je c t iv e  was th e n  to  i n v e s t i g a t e  th e  k i n e t i c  
b e h a v io r  o f  _12 and 13_ u n d e r  c o n d i t io n s  more f a v o ra b le  to  
p a r t i c i p a t i o n ,  nam ely in  TFE. W ith th e  a id  o f  p ro d u c t 
a n a l y s i s ,  th e  q u e s t io n  o f  Sn2* b e h a v io r  and Sn2' s t e r e o ­
c h e m ic a l outcom e sh o u ld  be more c l e a r l y  d e f in e d .
20





+ 6 .7% unknown
43.7%
Ns = -SO, , - < (  ) ) -N 0
21
RESULTS AND DISCUSSION
I n v e s t i g a t i o n  o f  S y n th e t ic  R ou tes to  4 - (2 1 -A m in o e th y l)-2 -  
c y c lo h e x e n y l 2 , 6 -D ic h lo ro b e n z o a te  (1 0 a)
S y n th e t ic  r o u te s  le a d in g  to  c i s - and t r a n s - 4 - ( 2 1- 
a m in o e th y l) - 2 -c y c lo h e x e n y l 2 , 6 -d ic h lo ro b e n z o a te  ( 1 0 a) w ere 
d e v is e d .  The f i r s t  pathw ay ch osen  i s  o u t l in e d  in  Scheme IX.
The c o n v e rs io n s  i l l u s t r a t e d  by JL7 21 w ere r e p o r te d
37 38t o  p ro ceed  i n  good y i e l d s .  B irc h  r e d u c t io n  in  many c a s e s
i s  th e  s ta n d a rd  r o u te  to  4 - s u b s t i tu t e d - 2 - c y c lo h e x e n - l - o n e s ,
su c h  as  21 . The t r a n s f o rm a t io n  o f  21 10a sh o u ld  th e n  be
39a t t a i n a b l e  a s  d e p ic te d  i n  Scheme X, w here th e  amino group  
c o u ld  be p r o te c te d  e i t h e r  p r i o r  to  o r  a f t e r  c a rb o n y l r e d u c ­
t i o n .
The r e a c t io n  o f  £ - a n is a ld e h y d e  (17) w ith  n itro m e th a n e
40a c c o rd in g  to  th e  m ethod o f  G a irau d  and L appin  gave £ -  
m e th o x y -p - n i t ro s ty re n e  (18) in  57% y i e l d .  The pmr sp ec tru m  
su g g e s te d  t h a t  o n ly  th e  t r a n s  iso m er o f  18 was fo rm ed ,
= 13 .2  Hz, a s  d id  th e  i r  sp ec tru m  w ith  th e  a p p ea ran ce
- 1  41o f  a  s t ro n g  band a t  970 cm ( t r a n s - a l k e n e ) .
42 43The r e d u c t io n  o f  1£ w ith  LiAlH^ * y ie ld e d  4 - 
m ethoxyphenethy lam ine  (19) in  70% y i e l d .  B irc h  r e d u c t io n  
o f  19 a f fo rd e d  2 ,5 -d ih y d ro -4 -m e th o x y p h en e th y la m in e  (20) in  a  
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P = P r o te c t in g  Group 
[H] = R ed u c tio n
42The m ethod o f  C la rk e  and P in d e r  r e p o r te d  f o r  th e  
a c i d i c  h y d r o ly s is  o f  2 0  21  was u n s u c c e s s fu l  in  o u r h a n d s .
The pmr o f  th e  p o ly m eric  r e s id u e  o b ta in e d  d id  n o t  m a n ife s t  
a b s o r p t io n  in  th e  v in y l  r e g io n  and o n ly  r e v e a le d  a com plex 
m u l t i p l e t  a t  1 . 2  -  3 .8  <S . D i s t i l l a t i o n  o f  th e  r e s id u e  r e ­
s u l t e d  in  d e c o m p o s itio n . V a r ia t io n  o f  th e  r e a c t io n  c o n d i­
t i o n s  su c h  as h y d r o ly s is  w ith  3% a t  v a r io u s  tem p era ­
t u r e s  and tim e p e r io d s  gave s im i l a r  r e s u l t s .  An e f f o r t  was
made to  i s o l a t e  th e  in te rm e d ia te  £ -?  u n s a tu r a te d  k e to n e  2 3 . 
44O x a lic  a c id  h y d r o ly s is  o f  20_ f o r  e i t h e r  19 h o u rs  a t  25 o r  
40 m in u te s  a t  25° d id  n o t  y i e ld  23.. The p r o d u c t ( s )  rem ained  
u n c h a r a c t e r i z e d .
(COOH)
25
H y d ro ly s is  o f  20. was perfo rm ed  in  HC1 w ith  a n t i c i ­
p a t io n  t h a t  2.1 co u ld  be i s o l a t e d  as  i t s  h y d ro c h lo r id e  s a l t .  
R e a c tio n  o f 20. w ith  2N HC1 f o r  22 h o u rs  a t  room te m p e ra tu re  
o r  w ith  5% HC1 a t  0 -50° f o r  20 m in u te s  gave u n r e c r y s t a l l i z a b l e  
gum s. The pmr s p e c t r a  m a n ife s te d  th e  ab sen ce  o f  v i n y l l i c  
a b s o r p t io n .
The c o n d e n s a tio n  o f  am ines w ith  c a rb o n y l compounds 
i s  a  f a c i l e  r e a c t io n  u n d e r  a c id i c  c o n d i t io n s  I f  th e  
r e s id u e  o b ta in e d  in  th e  a c id ic  h y d r o ly s is  o f  2 0  was a  con­
d e n s a t io n  p o ly m er, th e n  m asking  th e  amino group  a s  th e  
a c e tam id e  24. sh o u ld  m in im ize  o r  a l l e v i a t e  polym er fo rm a tio n .
NHCOCH
24
The r e a c t i o n  o f  20. w ith  a c e t i c  a n h y d rid e  o r  a c e t i c  
a n h y d rid e /so d iu m  a c e t a t e  u n d e r  th e  u s u a l  c o n d i t i o n s ^  gave 
u n c h a r a c te r iz e d  p ro d u c ts .  T r e a t in g  20. w ith  N -a c e ty l im id -  
a z o l e ^  in  anhydrous t e t r a h y d r o f u r a n  f o r  16 .5  h o u rs  a t  25° 
a l s o  gave an u n i d e n t i f i e d  r e s id u e .
The r e a c t io n  o f  19. w ith  a c e ty l  c h lo r id e  in  p y r id in e  
gave 4 -m e th o x y p h e n e th y lace tam id e  (25) in  81% y i e l d .  B irc h
26
r e d u c t io n  o f  2j> a f fo rd e d  2 ,5 -d ih y d ro -4 -m e th o x y p h e n e th y l-  










R e f lu x in g  24 w ith  HC1 f o r  25 m in u te s  gave a  c ru d e  
p ro d u c t whose pmr sp ec tru m  showed no v i n y l l i c  a b s o rp t io n .  
D i s t i l l a t i o n  o f th e  r e s id u e  gave a  c o lo r l e s s  o i l  w hich  by 
vpc  (5% SE-30 on chrom osorb W) c o n s is te d  o f  th r e e  com ponents 
in  a  r a t i o  o f 9 0 :9 :1 .  The m ix tu re  was s e p a ra te d  by column 
ch rom atography  on s i l i c a  g e l ,  u s in g  M eO H /C^C^ a s  th e  
e l u e n t .  The m a jo r  com ponent was i d e n t i f i e d  a s  N - ( a c e ty l ) - 
o c ta h y d r o in d o le - 6 -one (2 6 ) .  The i r  e x h ib i te d  c a rb o n y l bands 
a t  1710 (k e to n e )  and 1650 cm ^ (a m id e ). The pmr m a n ife s te d  
a m u l t i p l e t  a t  4 .6 - 3 .9 4  f o r  H , a  m u l t i p l e t  a t  3 .3 7 -3 .7 0  S
cl
f o r  H^ and a  m u l t i p l e t  a t  3 .3 4 -1 .2 0  c f  o v e r la p p in g  w ith  a 
m e th y l s i n g l e t  a t  2 .0 2  £  . R e a c tio n  o f  26 w ith  2 , 4 - d i n i t r o -  
p h e n y lh y d ra z in e  gave 27 a s  a  p a le  y e llo w  s o l i d .  E le m en ta l 





The i r  d a ta  o f  th e  m ino r com ponent was m ost con­
s i s t e n t  w ith  s t r u c t u r e  28.. The sp ec tru m  m a n ife s te d  c a rb o n y l 
b an d s a t  1710 (k e to n e )  and 1660 (am ide) and NH s t r e t c h i n g
28
A t r a c e  amount o f  a  m o is t  brown s o l id  was a l s o  ob­
ta in e d  and i t  rem ained  u n c h a r a c te r iz e d .
The p ro d u c ts  i s o l a t e d  from  th e  a c id i c  h y d r o ly s is  o f
24 s u g g e s te d  t h a t  26 was form ed as  i l l u s t r a t e d  in  Scheme X I.
48A s im i l a r  scheme was p o s tu la te d  by Ueda e t  a l .  in  t h e i r  
s y n th e s i s  o f  N -(2 -b ro m o -4 ,5 -m e th y le n e d io x y b e n z y l) -o c ta h y d ro -  
i n d o l e - 6 -o n e .












I t  was th o u g h t t h a t  th e  hydroxy an a lo g u e  o f  2 I ,  4 -  
(2 ' -h y d ro x y e th y l) -2 -c y c lo h e x e n - l-o n e  (29) w ould be an 
a t t r a c t i v e  a l t e r n a t i v e  to  21 .  I t  sh o u ld  be c o n v e r t ib le  to  













1 . TsC l
2 . [H]
OH







P * P r o te c t in g  group  
[H] = R e d u c tio n
30
B irc h  r e d u c t io n  o f  £ -m eth o x y p h en e th y 1 a lc o h o l  (31) 
gave c ru d e  2 ,5 -d ih y d ro -4 -m e th o x y -p -p h e n e th y l a lc o h o l  (32) o f 
ca. 90% p u r i t y  (p m r), in  y i e ld s  o f  75-80%. A ttem pted  p u r i f i ­
c a t i o n  by d i s t i l l a t i o n  r e s u l t e d  in  d e c o m p o s itio n .
OH OH
31 32
A c id ic  h y d r o ly s is  o f  32, w ith  d i l u t e  HC1 (1 .4  M) f o r
1 h o u r a t  room te m p e ra tu re  d id  n o t  g iv e  29,. The i r  e x h ib i te d
a  c a rb o n y l band a t  1710 cm ^ and th e  pmr showed no v i n y l l i c
49a b s o r p t io n  t y p i c a l  o f  a ,  P u n s a tu r a te d  k e to n e s .  The sp e c ­
t r a l  d a ta  im p lie d  t h a t  a  s i g n i f i c a n t  p o r t io n  o f  th e  c ru d e  
p ro d u c t c o n s is te d  o f  33,; how ever, f u r t h e r  p u r i f i c a t i o n  and 
s t r u c t u r e  p ro o f  w ere n o t p u rsu e d .
31
33
I n t e r e s t i n g l y ,  B irc h ‘d  showed, in  a  s im i l a r  sy s tem , 
t h a t  th e  r in g  c lo s u r e  o f  34 to  35 i s  v e ry  f a c i l e .
34 35
I t  was d e c id e d  to  p r o te c t  th e  hydroxy group  o f  32
by fo rm ing  th e  t o s y l a t e  e s t e r ,  36. T r e a t in g  32 w ith  t o s y l
51c h lo r id e  u n d e r  th e  u s u a l  c o n d i t io n s  r e s u l t e d  in  th e  i s o l a ­
t i o n  o f  m a in ly  s t a r t i n g  a lc o h o l  and an u n i d e n t i f i e d  r e s id u e .  
However, th e  r e a c t io n  o f  32 w ith  m esy l c h lo r id e  gave th e  
c ru d e  m e s y la te ,  37., as a  p a le  y e llo w  o i l .
S02 ^ O ) ^ CH3 0S02 CH3
36 37
H e a tin g  37 w i th  1 .4  M HC1 a t  40-50° f o r  1 h o u r gave 
an o i l  whose i r  e x h ib i te d  a  c a rb o n y l band a t  1710 cm ^ and 
S02  s t r e t c h i n g  bands a t  1350 and 1175 cm We w ere e n ­
co u rag ed  s in c e  th e  i r  d a ta  su g g e s te d  t h a t  th e  c ru d e  o i l  
c o n s is te d  m a in ly  o f  38 . S tro n g e r  c o n d i t io n s  sh o u ld  th e n  
is o m e r iz e  38 to  39 .
33
R e flu x in g  37, w ith  1 .4  M HC1 f o r  30 m in u te s  gave an 
o i l  whose i r  showed th e  ab sen ce  o f  SO2  s t r e t c h i n g ,  th e  
p re s e n c e  o f  OH s t r e t c h i n g  a t  3400 cm ^ and c a rb o n y l bands 
a t  1710 and 1680 cm The d a t a  s u g g e s te d  th e  o i l  was a  
m ix tu re  o f  29, and 40,. U n fo r tu n a te ly  th e  y i e ld  was u n s a t i s ­
f a c t o r y ,  c a .  1 0 %, and th e  r e a c t io n  was n o t  p u rsu ed  f u r t h e r .
40
S in ce  th e  m a jo r o b s ta c le  to  th e  s y n th e s is  o f  4 —(2* — 
a m in o e th y l) - 2 -c y c lo h e x e n y l 2 , 6 -d ic h lo ro b e n z o a te  ( 1 0 a )  p roved  
t o  be th e  u n s u c c e s s fu l  p r e p a r a t io n  o f  4 - (2 * -a m in o e th y l) - 2 - 
c y c lo h e x e n - l-o n e  (21) v i a  B irc h  r e d u c t io n  o f  JL9, an a l t e r n a t e  
s y n th e t i c  r o u te  was s o u g h t.
n h 9 
1 2






























A n a ly s is  o f  s y n th e t i c  r o u te s  le a d in g  to  v a r io u s  2 -
52c y c lo h e x e n - l -o n e s ,  l e f t  S to rk ’ s m ethod , th e  a l k y l a t i o n  o f  
enam ines w ith  m e th y l v i n y l  k e to n e , a s  th e  m ost p ro m is in g  
a l t e r n a t i v e  to  B irc h  r e d u c t io n .  F o r exam ple , th e  p y r r o l id in e  
enam ine o f  4 - fo rm y lh e x a n o a te , 41 , r e a c t s  w ith  m e th y l v in y l  
k e to n e  to  g iv e  4 - e t h y l - 4 - ( 2 1 - c a rb e th o x y ) - 2 -c y c lo h e x e n - l-o n e  









A n a lo g o u s ly , we e n v is io n e d  th e  r e a c t io n  o f  4 -p h th a l im id o - l-  
p y r r o l i d y l - l - b u t e n e  (43) w ith  m e th y l v in y l  k e to n e  to  g iv e  




1 . CH2 =CH-OCH3
43 44
The c o n v e rs io n  o f  44 to  10a sh o u ld  th e n  be p o s s ib l e ,  
a s  sum m arized in  Scheme X I I I .
SCHEME X III  
R






R = p h th a lim id o
R' = 2 , 6 -d ic h lo ro b e n z o y l
36
The r e l a t i v e l y  v ig o ro u s  c o n d i t io n s  needed  f o r  re d u c -
53t i o n  o f  th e  im ide f u n c t io n  by LiA lH ^, o r  sodium  b i s (2 -
54m eth oxyethoxy) aluminum h y d r id e  , sh o u ld  a llo w  f o r  th e  
s e l e c t i v e  r e d u c t io n  o f  th e  c a rb o n y l m o ie ty  to  g iv e  45 . The 
s t e r i c  b u lk  o f  th e  two o r th o - c h lo r in e  s u b s t i t u e n t s  in  46 
c o u p led  w ith  th e  m ild  c o n d i t io n s  f o r  h y d r a z in o ly s i s , sh o u ld  
p re c lu d e  th e  n u c le o p h i l i c  a t t a c k  o f  h y d ra z in e  a t  th e  e s t e r  
c a r b o n y l .
W ith th e s e  c o n s id e r a t io n s  in  m ind , th e  s y n th e s i s  o f  
44 was ta c k le d  by th e  r o u te  o u t l in e d  in  Scheme XIV.
R e a c tio n  o f  7 - b u ty r o la c to n e  (4 7 ) w ith  SOC^ and 
f r e s h l y  fu se d  Z n C ^  a c c o rd in g  to  th e  m ethod o f  Reppe and co - 
w o rk e rs^ ^ , gave an 80 /20  m ix tu re  o f  7 - c h lo r o b u ty r y l  c h lo r id e
(48) and u n re a c te d  la c to n e  47,. W ithou t f u r t h e r  p u r i f i c a t i o n ,  
th e  Rosenmund r e d u c t io n  o f  th e  m ix tu re  and su b se q u e n t t r e a t ­
m ent o f  th e  n o n - is o la te d  7 - c h lo ro b u ty ra ld e h y d e  w ith  C aC ^  and 
a b s o lu te  e th a n o l" ^  gave 7 - c h lo ro b u ty ra ld e h y d e  d i e t h y l  a c e t a l
(4 9 ) in  63% y i e l d .
4 -P h th a lim id o b u ty ra ld e h y d e  d i e t h y l  a c e t a l  (50 ) was 
p re p a re d  by h e a t in g  a  m ix tu re  o f  p o ta ss iu m  p h th a lim id e  and 
49 in  anhydrous DMF f o r  5 h o u rs  a t  1 4 2 -1 4 8 °. The pmr s p e c ­
tru m  o f  th e  i s o l a t e d  o i l  su g g e s te d  t h a t  th e  c ru d e  p ro d u c t 
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T r e a t in g  th e  a c e t a l  50 , a t  room te m p e ra tu re ,  w i th  2N 
P ^ S O ^ /e th e r , g a v e , a f t e r  r e c r y s t a l l i z a t i o n ,  4 - p h th a l im id o - l -  
b u ta n a l  (51) in  53% y ie ld  (b ased  on 4 9 ) .
l - P y r r o l id y l - 4 - p h th a l im id o - l - b u te n e  (43) i s  conven­
i e n t l y  p re p a re d ,  in  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d s ,  by th e  
r e a c t i o n  o f  an e q u iv a le n t  o f  p y r r o l id in e  w ith  an e t h e r e a l  
s o lu t io n  o f 5 1 1 i n  th e  p re se n c e  o f  C a C ^ . ^  The pmr sp ec tru m  
s u g g e s te d  t h a t  o n ly  th e  t r a n s - iso m e r  was fo rm ed , Hz.
Ha
43
C o n d itio n s  f o r  th e  t r a n s f o rm a t io n  o f  43 to  44 by
r e a c t io n  w ith  m e th y l v in y l  k e to n e  w ere i n i t i a l l y  m odeled
58a f t e r  th e  p ro c e d u re  o f  Yamada and O ta n i.  P e rfo rm in g  th e
r e a c t i o n  in  m e th an o l a t  0-23° f o r  3 h o u rs ,  o r  in  e th a n o l  a t
80-85° f o r  4 h o u r s ,  fo llo w e d  by h y d r o ly s is  w ith  h o t AcOH/
52NaOAc b u f f e r  , f a i l e d  to  y ie ld  4 4 . The p r o d u c t ( s )  o f  th e  
r e a c t io n  rem ained  u n c h a r a c te r iz e d .  R e a c tio n  o f  43 w ith  a  
tw o - fo ld  e x c e s s  o f  m e th y l v in y l  k e to n e  i n  th e  p re se n c e  o f
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AcOH/NaOAc b u f f e r  in  C,1L u n d e r N„ a t  room te m p e ra tu re  f o rb o  Z
3 h o u rs  fo llo w e d  by h e a t in g  a t  84-86° f o r  1 /2  h o u r ,  r e s u l t e d  
i n  th e  i s o l a t i o n  o f  a  sem i-m o b ile  l i q u i d .  The c ru d e  o i l  con ­
s i s t e d  o f  c a .  10% o f  44 (by pmr) p lu s  u n c h a r a c te r iz e d  com­
p o n e n ts .  On th e  b a s is  o f  t h i s  r e s u l t ,  an  e f f o r t  was made to  
i s o l a t e  th e  r e a c t io n  in te r m e d ia te .
S t i r r i n g  a  m ix tu re  o f  43 and two e q u iv a le n ts  o f  m e th y l 
v i n y l  k e to n e  in  u n d e r  ^  f o r  7 .5  h o u r s ,  fo llo w e d  by
h y d r o ly s is  (50% HOAc/l^O) a t  room te m p e ra tu re ,  and su b se q u e n t 
ch ro m ato g rap h y  on s i l i c a  g e l ,  gave a  c o l o r l e s s  o i l  whose 
s p e c t r a l  c h a r a c t e r i s t i c s  ( i r ,  pmr) and e le m e n ta l  a n a ly s i s  
w ere c o n s i s t e n t  w ith  7 -p h th a lim id o -5 - fo rm y l-2 -h e p ta n o n e  (5 2 ) .
0
52
R ing c lo s u r e  o f  52. to  g iv e  44 was a tte m p te d  in  a  
v a r i e t y  o f  w ays. Shaking 52. w ith  10% KOH f o r  10 m in u te s  
gave o n ly  an  u n i d e n t i f i e d  p o ly m eric  m a t e r i a l .  S t i r r i n g  a  
m ix tu re  o f  52. and 50% aqueous a c e t i c  a c id  a t  room te m p e ra tu re  
o v e r n ig h t ,  r e s u l t e d  in  e s s e n t i a l l y  q u a n t i t a t i v e  re c o v e ry  o f  
5 2 . R e a c tio n  o f  52. w ith  NaOEt/EtOH f o r  30 m in u te s  a t  0° ,
40
2 .5  h o u rs  a t  0 ° ,  o r  5 h o u rs  a t  2 5 ° , a t  h ig h  d i l u t i o n  fo llo w e d  
by  t r e a tm e n t  w ith  p - to lu e n e s u l f o n ic  a c id ,  gave sm a ll q u a n t i ­
t i e s  o f  a  gum o f  w hich  c a .  10% was 4 4 . R e a c tio n  o f  52 w ith  
an  e q u iv a le n t  o f  p o ta ss iu m  t e r t - b u to x id e  in  su b se q u e n t
h e a t in g  w ith  p - to lu e n e s u l f o n ic  a c id ,  and ch rom atography  o f  
th e  i s o l a t e d  o i l  on s i l i c a  g e l ,  gave 4 - (2 1 - p h th a l im id o e th y l ) -  
2 - c y c lo h e x e n - l - o n e , (4 4 ) ,  a s  a  w h ite  s o l i d ,  mp 7 8 -7 9 .5 ° ,  in  
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44
The pmr (CDCl^) m a n ife s te d  th e  t y p i c a l  ch em ica l 
s h i f t s  f o r  th e  v i n y l i c  p ro to n s  o f  an a ,  (3 u n s a tu r a te d  
k e t o n e ^ ,  £  7 .0 5  (d ,  d o u b le t s ,  = 10 Hz, J BC = 2 Hz, H ^),
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6 .0 5  (d , d o u b le t s ,  J  . = 10 Hz, J  = 2 Hz, H ) .  The i r ,
clD 3.C cl
59(CHCl^) e x h ib i te d  th e  tw in  c a rb o n y l bands t y p i c a l  o f  im id es
a t  1765 and 1710 cm ^ and th e  c a rb o n y l band f o r  an a ,  P
60 “ 1  u n s a tu r a te d  k e to n e  a t  1680 cm . E le m en ta l a n a ly s i s  was
s a t i s f a c t o r y  f o r  44 .
S e le c t iv e  r e d u c t io n  o f  44 to  45 w ith  sodium  b i s  (2 - 
m ethoxyethoxy)alum inum  h y d r id e  (N a A l^  (OR) was m odeled 
a f t e r  th e  p ro c e d u re  o f  Capka e t  a l . ^  T r e a t in g  44 w i th  0 .6  
e q u iv a le n t s  o f  N aA l^C O R ^ in  f o r  e i t h e r  7 o r  15 m in u te s
a t  35-37° r e s u l t e d  in  c a .  507> r e d u c t io n .  A f te r  7 m in u te s  o f  
r e a c t i o n  a t  3 7 ° , w ith  one e q u iv a le n t  o f  N aA l^C O R ^j no 
peaks due to  44 w ere p r e s e n t  in  th e  pmr sp e c tru m . The low 
y i e ld  o f  th e  y e llo w  o i l ,  c a . 25%, and th e  p re se n c e  o f  5 o r  
p o s s ib ly  6  com ponents, ( t i c  on s i l i c a  g e l ,  e t h e r  e l u e n t ) ,  
d i c t a t e d  s e e k in g  an a l t e r n a t i v e  r e d u c t io n  p ro c e d u re .
R ed u c tio n  w ith  0 .6  e q u iv a le n ts  o f  l i th iu m  aluminum 
h y d r id e  (LAH) f o r  30 m in u te s  a t  0° gave a  m ix tu re  o f  c a .  6 6 % 
44 and c a .  34% o f  r e d u c t io n  p r o d u c t ( s ) .  R ed u c tio n  w i th  1 .8  
e q u iv a le n ts  o f  LAH f o r  15 m in u te s  a t  0° r e s u l t e d  in  a  l i g h t  
brow n, g la s s y  r e s id u e .  T ic  on s i l i c a  g e l  w ith  v a r io u s  e l u ­
e n t s ,  (CHClg, E t^O , a c e to n e , and C^H^ and v a r io u s  co m b in a tio n s
o f  E to0 w ith  a c e to n e  and C,H^ ) , r e v e a le d  one s p o t .  The pmr Z b o
sp ec tru m  m a n ife s te d  an AA'BB' p a t t e r n  a t  c a . 7 .5  £  and a 
ro u g h  d o u b le t  in  th e  v in y l  re g io n  a t  c a .  5 .6  & . The i r
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(CH C lg), how ever, m ost d i s t u r b i n g l y ,  r e v e a le d  o n ly  one
-1  59c a rb o n y l band a t  1680 cm , i n c o n s i s t e n t  w ith  4 4 . I n v e rs e
a d d i t io n  o f  LAH gave s im i l a r  r e s u l t s .
62R eduction  w ith  sodium trim eth o x y  bo rohydride  , o r  
63th e  in v e rs e  a d d it io n  w ith  NaBH^, gave crude p ro d u c ts  whose 
s p e c t r a l  d a ta ,  i r  and pmr, were com parable to  th o se  o b ta in ed  
w ith  p r io r  LAH re d u c t io n s .  However, t i c  o f  th e  bo rohyd ride  
re d u c t io n  re s id u e  on s i l i c a  g e l ,  a f t e r  th re e  e lu t io n s  w ith  
137c e th y l  a c e t a t e / e t h e r , re v e a le d  two m ajor com ponents,
0 .5 8  and 0 .4 0  and a  m ino r com ponent, R^ = 0 . 0 .  T h ree  e l u ­
t i o n s  w ith  a c e to n e / e th e r ,  e ac h  o f  in c r e a s in g  a c e to n e  c o n te n t ,  
(5 ,  10 , 15%), r e v e a le d  th e  p re se n c e  o f  an a d d i t i o n a l  m inor 
com ponent, R f = 0 .1 .  C hrom atography on a  s i l i c a  g e l  column 
w i th  e i t h e r  a c e to n e /e th e r  o r  e t h y l  a c e t a t e / e t h e r , gave th e  
two m a jo r  com ponen ts, a s  a  c l e a r  g la s s y  r e s id u e .  The i r  
(CHClg) m a n ife s te d  s t r o n g ,  b road  OH s t r e t c h i n g  a t  3320 and 
s t r o n g  c a rb o n y l s t r e t c h i n g  a t  1680 cm D i lu t io n  d id  n o t 
s h i f t  th e  OH f re q u e n c y , n o r  d id  i t  r e v e a l  th e  p re se n c e  o f  
s h o u ld e r s  in  th e  c a rb o n y l a b s o r p t io n .  The pmr sp ec tru m  
m a n ife s te d  an AA1 BB* p a t t e r n  a t  7 .4 6  £  , a  rough  d o u b le t  a t
5 .5  £  , a  b road  s i n g l e t  o v e r la p p in g  w ith  a  m u l t i p l e t  a t  3 .0 -  
4 .1 5  <S and a  b ro ad  en v e lo p e  from  0 .8 - 2 .3  <S . E xch an g eab le  
p r o to n s ,  t o t a l  o f  c a .  1 , a re  lo c a te d  a t  c a .  5 .6  and 3 .5  £  .
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T h is  was an  enigm a f o r  th e  c a rb o n y l s t r e t c h i n g  a t  
1680 cm ^ would be c o n s i s t e n t  more w ith  an amide l in k a g e ,  
su c h  a s  53 ,  y e t  a  c o n s id e ra b le  p o r t io n  o f  th e  pmr co u ld  be 
a s s ig n e d  to  45 .
53
W ith  th e  a ssu m p tio n  t h a t  th e  i s o l a t e d  g la s s  c o n s is te d  m a in ly
o f  45 , i t  was d e c id e d  to  p re p a re  a  s o l i d  d e r i v a t i v e ,  th e
l o g i c a l  c h o ic e  b e in g  th e  2 , 6 - d ic h lo ro b e n z o a te  e s t e r  46 .
R e a c tio n  o f  th e  g la s s  w i th  2 , 6 -d ic h lo ro b e n z o y l
17c h lo r id e  a c c o rd in g  to  th e  m ethod o f  S to rk  and W hite , gave 
a  v is c o u s  r e s id u e .  C r y s t a l l i z a t i o n  a t te m p ts  w ith  p e tro le u m  
e t h e r ,  C^H(
on a s i l i c a  g e l  column (2570 Et ^O/ C^U^) , d id  n o t g iv e  any 
f r a c t i o n s  r e s u l t i n g  in  i d e n t i f i a b l e  com ponents.
/n -h e x a n e , and Et20/CH2Cl2 f a i l e d .  Chromatography
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S y n th e s is  o f  t r a n s - 6 -  and c i s -  and t r a n s -4 -P h e n v l th io -2 -  
c y c lo h e x e n y l £ -N i tro b e n z o a te s  and R e la te d  Compounds
c i s - and t r a n s - 4 - P h e n y l th io - 2 - c y c lo h e x e n - l - o l s  ( 5 4 ) ,
t r a n s - 6 - p h e n y l th io - 2 - c y c lo h e x e n - l - o l  ( 5 5 ) , c i s - 4 -p h e n y l th io -
2 -c y c lo h e x e n y l £ - n i t r o b e n z o a te  ( 5 6 ) ,  t r a n s - 4 -p h e n y l th io - 2 -
c y c lo h e x e n y l £ - n i t r o b e n z o a te  ( 5 7 ) , t r a n s - 6 -p h e n y l th io - 2 -
c y c lo h e x e n y l ja -n i t r o b e n z o a te  ( 5 8 ) , 2 -c y c lo h e x e n y l £ - n i t r o -
b e n z o a te  ( 5 9 ) , 2 -c y c lo h e x e n y l 3 ,5 - d in i t r o b e n z o a te  (1 4 ) ,
t r a n s -4 -p h e n y l th io -2 -c y c lo h e x e n y l  3 ,5 - d in i t r o b e n z o a te  (12)
and t r a n s - 2 -p h e n y l th io c y c lo h e x y l  £ - n i t r o b e n z o a te  (6 0 ) w ere
26a v a i l a b l e  from  p r e p a r a t io n s  perfo rm ed  by R. E . A r l t .  
A d d i t io n a l  q u a n t i t i e s  o f  56, and 57. w ere p re p a re d  a c c o rd in g  
to  A r l t 1s m ethod w ith  th e  e x c e p t io n  t h a t  s e p a r a t io n  o f  th e  
p u re  iso m ers  was acco m p lish ed  by d ry  column ch ro m ato g rap h y . 
I t  was as  e f f i c i e n t  a s  "w et" column ch rom atography  in  te rm s 
o f  th e  p e rc e n ta g e s  o f  p u re  56. and 57. o b ta in e d  in  any g iv e n  
r u n .  The tim e f o r  s e p a r a t io n  by th e  d ry  column te c h n iq u e  
was a p p ro x im a te ly  o n e - f o u r th  th e  tim e  r e q u ire d  w ith  "wet" 
colum n ch ro m ato g rap h y .
6  5The m ethod o f  T ruce and F ran k  was m o d ifie d  f o r  th e  
c o n v e rs io n  o f 57. to  t r a n s -4 -p h e n y ls u l fo n y l- 2 - c y c lo h e x e n y l  £ -  
n i t r o b e n z o a te  ( 6 1 ) . R e a c tio n  o f  57 w ith  two e q u iv a le n ts  o f  
in  g l a c i a l  a c e t i c  a c id  gave 61  in  46% y i e l d .  The
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t r a n s f o r m a t io n  o f  1 2  to  t r a n s - 4 -p h e n y ls u l fo n y l- 2 - c y c lo h e x e n y l
3 ,5 - d in i t r o b e n z o a te  (15) was acco m p lish ed  in  th e  same m anner.
P ro o f  t h a t  th e  s te r e o c h e m is t ry  o f  55 had been  c o r -
26r e c t l y  a s s ig n e d  was p erfo rm ed  by A r l t .  The d iim id e  r e d u c ­
t i o n  o f  5J5 gave a s a tu r a t e d  a lc o h o l  whose p h y s ic a l  and 
c h e m ic a l p r o p e r t i e s  w ere i d e n t i c a l  to  an a u th e n t i c  sam ple
o f  t r a n s - 2 -p h e n v l th io c v c lo h e x a n o l .
26A r l t  a l s o  a s s ig n e d  th e  s te r e o c h e m is t ry  o f  5(3 and 
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[H] = R ed u c tio n  
PNB = p - n i t r o b e n z o y l  
Chrom. = C hrom atog raph ic  s e p a r a t io n
47
K in e t ic  S tu d ie s
I n i t i a l l y ,  th e  b e h a v io r  o f  2 -c y c lo h e x e n y l 3 , 5 - d i n i t r o ­
b e n z o a te  (14) in  2 ,2 ,2 - t r i f l u o r o e t h a n o l  (TFE) was i n v e s t i g a t e d .  
Good f i r s t  o rd e r  k i n e t i c  b e h a v io r  was o b se rv ed  f o r  14 o v er 
a  p e r io d  o f  two h a l f - l i v e s .  Running th e  s o lv o ly s i s  u n d e r  an
a i r  a tm o sp h ere  o r  u n d e r  n i t r o g e n  gave th e  same v a lu e  f o r  th e
-4  -1r a t e  c o n s ta n t ;  k . = 2 .1 0  + 0 .0 8  X 10 s e c  , k ( „  a tm os-a x r  — ’ 'N2
p h e re )  = 1 .9 7  + 0 . 0 5  X 10 ^ sec
S o l u b i l i t y  p rob lem s w ere e n c o u n te re d  w ith  t r a n s -4 -
p h e n y l th io -2 -c y c lo h e x e n y l  3 ,5 - d in i t r o b e n z o a te  (1 2 ) .  S o lu -
- 3
t i o n s  o f  c a .  3 .7  X 10 M o f 12 in  TFE w ere o b ta in e d  a f t e r
c a . one h o u r o f  s t i r r i n g  and h e a t in g  a t  5 5 ° . S im ila r  s o lu ­
b i l i t y  p rob lem s w ere e n c o u n te re d  w ith  t r a n s - 6 - p h e n y l th io - 2 -  
c y c lo h e x e n y l 3 ,5 - d in i t r o b e n z o a te  ( 6 2 ) .
A p r e l im in a r y  k i n e t i c  ru n  was perfo rm ed  w ith  12 a t  
9 0 ° .  I t  was d i f f i c u l t  t o  o b ta in  sh a rp  e n d -p o in ts  when t i t r a -
_3
t i n g  th e  p roduced  a c id  ( 3 ,5 - d in i t r o b e n z o ic  a c id )  w ith  10
66NaOH w h e th e r u s in g  a m ixed i n d i c a t o r  o r  u s in g  a  bromo- 
thym ol b lu e  i n d i c a t o r .  The d e g re e  o f  u n c e r t a in ty  was h ig h e s t  
in  th e  e a r ly  s ta g e s  o f  s o lv o ly s i s  w here th e  amount o f  p ro ­
duced  a c id  was s m a ll .  A d d i t io n a l  u n c e r t a i n t i e s  w ere i n t r o ­
d u c e d , s in c e  a f t e r  q u en ch in g  any g iv e n  p o in t  in  ic e  w a te r ,  
th e  v i a l  had to  be h e a te d  w ith  h o t w a te r  ( c a .  60°) f o r  c a .
5 -1 0  m in u te s  to  r e - e f f e c t  s o l u b i l i t y  b e fo re  an a l iq u o t  was
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w ith d ra w n .
In  o rd e r  to  m easu re  th e  r a t e  c o n s ta n ts  more a c c u r a te ­
l y ,  we tu rn e d  to  u s in g  th e  £ - n i t r o b e n z o a te  le a v in g  g ro u p . 
S o l u b i l i t y  prob lem s w ere a l l e v i a t e d ,  s in c e  a l l  th e  £ - n i t r o -
b e n z o a te  e s t e r s  s tu d ie d  w ere s o lu b le  in  TFE a t  room tem p er-
_ 2
a tu r e  a t  c o n c e n t r a t io n s  o f l . 0 - l . 6 X 1 0  M. A p re l im in a ry
ru n  w ith  2 -c y c lo h e x e n y l £ - n i t r o b e n z o a te  (59) a t  a  c o n c e n tr a -
_ 2
t i o n  o f  2 .4  X 10 M in  TFE was p e rfo rm e d . A p l o t  o f  th e  
d a t a  o b ta in e d  was l i n e a r  to  c a .  40% r e a c t io n  w here a u to ­
c a t a l y s i s  became d o m in an t. At lo w er c o n c e n t r a t io n s ,  c a .
- 21 .5  X 10 M, th e  p l o t  was l i n e a r  to  c a .  80% r e a c t i o n .  A 
ru n  was p erfo rm ed  in  w hich  th e  r e a c t io n  medium was b u f fe re d  
w i th  two e q u iv a le n t s  o f  2 , 6 - l u t i d i n e , to  s e q u e s te r  th e  a c id  
fo rm ed . U n f o r tu n a te ly ,  th e  l u t i d i n e  i n t e r f e r r e d  w i th  o u r 
t i t r a t i o n  p ro c e d u re  and we were n o t  a b le  to  f in d  c o n d i t io n s  
t h a t  would a llo w  f o r  th e  o b se rv a n c e  o f  a  sh a rp  e n d - p o in t .
W ith th e  e x c e p t io n  o f t r a n s - 4 - p h e n y ls u l f o n y l - 2 -  
c y c lo h e x e n y l £ - n i t r o b e n z o a te  ( 6 1 ) , good f i r s t  o rd e r  r a t e  
p l o t s  w ere o b ta in e d  f o r  a l l  th e  £ - n i t r o b e n z o a te s  to  a t  l e a s t  
75% r e a c t i o n .  F o r ex am p le , a  t y p i c a l  p l o t  i s  i l l u s t r a t e d  in  
F ig u re  2 , f o r  th e  s o lv o ly s i s  o f  t r a n s - 4 - p h e n y l th io - 2 - c y c lo -  









0 . 2 -
0 . 1-
120
Time (m in u te s )
F ig u re  2 .  S o lv o ly s is  o f  t r a n s -4 -P h e n y l th io -2 -c y c lo h e x e n y l  
£ -N itro b e n z o a te  in  TFE a t  100°C.
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The s o lv o ly s i s  o f  t r a n s - 4 - p h e n y ls u l f o n y l- 2 - c y c lo -  
h e x e n y l £ - n i t r o b e n z o a te  (6 1 ) in  TFE, a t  e i t h e r  120° o r  140°, 
c o u ld  be fo llo w e d  o n ly  f o r  c a .  2 0 % r e a c t io n  a f t e r  w hich  
s e v e re  d i s c o lo r in g  o f  th e  medium and th e  p ro d u c t io n  o f 
a c i d i c  p ro d u c ts  o c c u r re d .  A c o n t r o l  ex p e rim e n t r e v e a le d  
t h a t  TFE was s t a b l e  u n d e r  th e  r e a c t i o n  c o n d i t io n s  and , 
t h e r e f o r e ,  th e  a c i d i c  p ro d u c ts  r e s u l t e d  from  e i t h e r  th e  
d e c o m p o s itio n  o f  61  o r  o f  th e  s o lv o ly s i s  p ro d u c ts  o f  6 1 .
The e s t im a te d  r a t e  c o n s ta n ts  a t  c a .  20% r e a c t io n  w ere 
k  2 2  X 10" 7  s e c " 1  a t  120° and k  «  3 X 10“ 7 s e c " 1  a t  140° .
To c irc u m v en t th e  p rob lem  o f  d e c o m p o s itio n , we ch o se  
t o  u s e  a  b e t t e r  le a v in g  g ro u p , nam ely th e  3 ,5 - d in i t r o b e n z o y l  
g roup  (DNB). The t r i f l u o r o e t h a n o l y s i s  o f  t r a n s -4 -p h e n y 1- 
s u lf o n y l-2 - c y c lo h e x e n y l  3 ,5 - d in i t r o b e n z o a te  (15) c o u ld  be 
fo llo w e d  to  c a .  45% r e a c t i o n .  C o r re c t io n  f o r  th e  d i f f e r e n c e  
in  le a v in g  group  a b i l i t i e s  in  TFE (kp^g = 5 .1  kpjjg) gave f o r  
6 1 , k  = 1 .8 6  X 10 ‘ 7 s e c . " 1
The r a t e  c o n s ta n ts  were c a lc u la te d  by th e  m ethod o f  
l e a s t  s q u a re s  by a  F o r t r a n  program  w r i t t e n  f o r  th e  C a l l /3 6 0 -  
OS and th e  r e p o r te d  e r r o r  i s  one s ta n d a rd  d e v i a t i o n .  The 
r e a c t i o n  r a t e s  w ere m easured  o v e r  30° f o r  56., 57_ and 59., and 
o v e r  25° f o r  58.. P lo t s  o f  lo g  k /T  v e r s e s  1/T w ere l i n e a r ;  
f o r  exam ple , see  F ig u re  3 . The a c t i v a t i o n  p a ra m e te rs  r e ­
p o r te d  w ere com puted by th e  m ethod o f  l e a s t  s q u a re s  by a
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6 7program  a d a p te d  f o r  th e  C a ll/3 6 0 -O S  by U eb e l. The r a t e  







- 6 .4 -
- 6 . 6 .
- 6 . 8 -
- 7 .0 .
- 7 . 2 -
- 7 .4 .
2 .8 0  2 .8 42. 762 . 68 2 . 72
1000 X 1/T
F ig u re  3 . E y rin g  P lo t  f o r  t r a n s - 4 -P h e n y l th io - 2 -c y c lo h e x e n y l  
£ - N i t r o b e n z o a te .
Table 3
R ate  C o n s ta n ts  and A c t iv a t io n  P a ra m e te rs  O b ta in ed  i n  TFE
Compound Tem perature* k  sec - 1
AH:
k c a l/m o le AS e . u .
14
ODNB
9 0 .0 0 2 .1 0 + 0 .0 8  x 1 0  







7 9 .5 9 1 .5 7 + 0 .0 6 X i o " 5
89 .79 4 .1 2 + 0 .3 1 X 1 0  " 5  
-5
3 .9 4 + 0 .4 5 X 1 0
-5
99 .8 7 8 .5 5 + 0 .6 0 X 1 0  J
4 9 .7 6 9 .0 8 + 0 .2 5 X 1 0 - 5
-5
5 9 .8 6 2 0 . 2 +0 . 1 0 X 1 0  3
6 5 .1 4 3 1 .0 + 0 .3 0 X 1 0 - 5
2 1 . 1+0 .1 -2 0 .9 + 2 .9
1 6 .6 + 0 .5 -2 5 .8 + 1 .6
Ln
T able  3 .  ( c o n t . )






9 9 .9 7
10 0 .0 8
110.0
120.0
60 c r  1 2 0 . 0
. - 1k  s e c
AH* *
k c a l/m o le _______AS- e  ,u .
2 .0 0 + 0 .0 5  x 10 - 5
4 .9 5 + 0 .1 0  x 10 ' 5  2 1 .7 + 0 .1
1 1 .3 6 + 0 .3 0  x 10“ 5
1 .5 2 + 0 .0 1  x 10" 5
3 .6 2 + 0 .0 3  x 10" 5  2 7 .1 + 1 .7
1 0 .2 6 + 0 .3 5  x 10“ 5  
1 0 .1 5 + 0 .3 3  x 10" 5
5 .6 2 + 0 .1 6  x 10” 6
-1 8 .9 + 0 .3
- 8 .5 + 4 .5
Ui4^
Table 3 .  ( c o n t . )
a -1  AH\ ,  ,Compound____________________ T em p era tu re________k se c _______________________k c a l/m o le _______AS- e . u .
ODNB
15 1 2 0 .0  9 .5 3 + 0 .5 6  x 10" 7
OPNB
,  ^  - 7 C61 r f  >  1 2 0 . 0  1 . 8 6  x 1 0
t e m p e r a t u r e s  r e p o r te d  a t  100° o r  l e s s  a r e  w i th in  + 0 .05°C  and th o s e  a t  110 and 120° a re  
w i th in  + 0 .2°C
^Run u n d e r  ^  a tm o sp h ere  
c Computed from  t)N B 7kPNB = 5 , 1
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P ro d u c t S tu d ie s
I t  was a n t i c ip a t e d  t h a t  a  s i g n i f i c a n t  p o r t io n  o f  th e  
s o lv o ly s i s  p ro d u c ts  w ould c o n s i s t  o f  a  d ia s te r e o m e r ic  m ix tu re  
o f  th e  6 -  and 4 - p h e n y l th io -2 -c y c lo h e x e n y l  2 , 2 , 2 - t r i f l u o r o -  
e t h y l  e t h e r s .  A s y n th e t i c  r o u te  t h a t  w ould le a d  to  t h i o -  
e s t e r s  o f  unam biguous s te r e o c h e m is t ry  was s o u g h t. The c l a s s ­
i c a l  W illiam so n  e t h e r  s y n th e s is  ap p ea red  to  be th e  b e s t  
r o u te  f o r  s t e r e o s p e c i f i c a l l y  c o n v e r t in g  th e  a lc o h o ls  to  t h e i r  
c o r re s p o n d in g  2 , 2 ,2 - t r i f l u o r o e t h y l  e t h e r s .  The v e ry  f a c i l e  
r e a c t io n  o f  2 , 2 , 2 - t r i f l u o r o e t h y l  t r i f lu o r o m e th a n e s u l f o n a te  
(TFEOTf) w ith  n u c le o p h i le s  s u g g e s te d  t h a t  th e  fo llo w in g  
a p p ro a c h  would be m ost p ro m is in g .






A tte n t io n  was tu rn e d  to  th e  m odel compound, 2 - c y c lo -
h e x e n - l - o l  (6 3 ) . The c o n v e rs io n  o f  63 ' t o  2 -c y c lo h e x e n y l
2 , 2 , 2 - t r i f l u o r o e t h y l  e t h e r  was m odeled a f t e r  th e  p ro c e d u re
69o f  Dauben and B e re z in .  R e a c tio n  o f  63, w ith  one e q u iv a le n t  
o f  NaH f o r  3 h o u rs  in  d ry  e t h e r  fo llo w e d  by a d d i t io n  o f
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TFEOTf and r e a c t i o n  a t  room te m p e ra tu re  gave m a in ly  u n re a c te d  
63 and somewhat p u z z l in g ly ,  no e v id e n c e  (pmr) f o r  TFEOTf in  
th e  c ru d e  p ro d u c t .
S t i r r i n g  e q u im o la r  am ounts o f  63 and NaH in  d ry  1 ,2 -  
d im e th o x y e th a n e  (DME) f o r  15 h o u rs  and su b se q u e n t r e a c t io n  
w i th  TFEOTf f o r  1 .1  h o u rs  a t  2 5 ° ,  gave s im i l a r  r e s u l t s .
R e a c tio n  o f  63 w ith  an  e q u iv a le n t  o f  NaH in  d im e th y l-  
form am ide (DMF) r e s u l t e d  in  slow  b u t c o n tin u o u s  g a s  e v o lu t io n  
and a f t e r  c a .  1  h o u r , th e  fo rm a tio n  o f  a  n e a r ly  homogeneous 
s o lu t i o n .  S ubsequen t r e a c t io n  w ith  TFEOTf u n d e r  v a r io u s  




1 . NaH, DME
2 . TFEOTf




In  d i e t h y l  e t h e r  o r  DME as  th e  s o lv e n t ,  th e  p rob lem  
was assumed to  be one o f  slow  a lk o x id e  fo rm a tio n , s u g g e s t in g  
th e  need  f o r  a  s t r o n g e r  b a s e .  n -B u ty l  l i th iu m  was ch osen  
f o r  i t  had th e  a d d i t i o n a l  ad v an tag e  t h a t  m e ta la t io n  o f  th e  
th io p h e n y l  r in g  would o c c u r  o n ly  u n d e r  r e l a t i v e l y  v ig o ro u s  
c o n d i t i o n s ^ ,  an im p o r ta n t c o n s id e r a t io n  f o r  th e  f u tu r e  
t r a n s f o rm a t io n  o f  th e  c i s -  and t r a n s -4 - th io p h e n y l-2 -c v c lo h e x e n  
1 - o l s  to  t h e i r  c o r re s p o n d in g  t r i f l u o r o e t h y l  e t h e r s .
A d d it io n  o f  an e q u iv a le n t  o f  n - b u ty l  l i th iu m  to  a 
w e l l  s t i r r e d  m ix tu re  o f  63 i n  d ry  e t h e r ,  u n d e r  Ng, r e s u l t e d  
i n  h e a t in g  and gas  e v o lu t io n .  A d d itio n  o f  TFEOTf to  th e  
s o lu t i o n  and r e a c t io n  a t  55° f o r  5 h o u rs  gave a  c ru d e  p ro d u c t 
m a n ife s t in g  (pmr) u n re a c te d  TFEOTf. P ro lo n g ed  r e a c t io n  w ith  
TFEOTf f o r  48 h o u rs  a t  25° a g a in  gave u n re a c te d  TFEOTf and 
an  u n c h a r a c te r iz e d  m ix tu re  o f  p r o d u c ts .  However, p e rfo rm in g  
th e  r e a c t io n  w i th  6J3 in  DME f o r  1 6 .5  h o u rs  a t  65° o r  in  DMF 
f o r  4 h o u rs  a t  80° gave no e v id e n c e  f o r  any u n re a c te d  TFEOTf 
and in  n e i t h e r  c a se  any o f  th e  d e s i r e d  t r i f l u o r o e t h y l  e t h e r .
R e a c tio n  o f  t r a n s - 6 - th io p h e n y l - 2 - c y c lo h e x e n - l - o l  
(55) w ith  an e q u iv a le n t  o f  NaH in  DMF, u n d e r ^ , f o r  50 
m in u te s  gave an  amber c o lo r e d ,  n e a r ly  homogeneous s o lu t io n .  
S ub seq u en t r e a c t io n  w ith  TFEOTf a t  25° f o r  1 h o u r and an 
a d d i t i o n a l  2 h o u rs  a t  40° gave an o i l  w hich  e x h ib i te d  4 to  5
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s p o ts  on t i c  ( s i l i c a  g e l ,  3% E t 2 0 /p e n ta n e ,  uv i n d i c a t o r ) .  
S i g n i f i c a n t l y ,  no TFEOTf c o u ld  be re c o v e re d  by d i s t i l l a t i o n .  
F u r th e r  d i s t i l l a t i o n  ( s h o r t  p a th )  u n d e r  re d u ced  p r e s s u re  
(0 .6  mm) gave a  c l e a r  l i q u i d ,  bp 1 3 0 °-1 3 2 ° . B oth pmr 
(D2 O exchange) and t i c  co n firm ed  th e  p re se n c e  o f  u n re a c te d  
55 a lo n g  w ith  th r e e  a d d i t i o n a l  com ponents ( t i c ) . No f u r t h e r  
a t te m p ts  w ere made to  p a r t i t i o n  o r  c h a r a c t e r iz e  th e  p r o d u c ts .
I t  was th e n  d e c id e d  to  c a p i t a l i z e  on th e  s te r e o s p e c -  
i f i c  a l l y l i c  r e a r r a n g e m e n t^  t h a t  o c c u rs  when a l l y l  a lc o h o ls  




We e n v is io n e d  th e  c o n v e rs io n  o f  t r a n s - 6 - p h e n y l th io - 2 - e y e lo -  
h e x e n - l - o l ,  55., t o  t r a n s - 4 -p h e n y l th io -2 -c y c lo h e x e n y l  c h lo r id e  
6 4 . R e a c tio n  o f 64 w ith  sodium  2 , 2 , 2 - t r i f l u o r o e t h y l  e th o x id e  
sh o u ld  th e n  y i e ld  c i s - 4 -p h e n y l th io -2 -c y c lo h e x e n y l  2 , 2 , 2 - t r i -  
f lu o r o e th y l  e t h e r  6 j>. S im i la r ly ,  s t a r t i n g  w ith  th e  c i s  









s c 6 h5
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The r e a c t io n  o f  2 -c y c lo h e x e n y l c h lo r id e  w ith  sodium
2 , 2 , 2 - t r i f l u o r o e t h y l  e th o x id e  p ro ceed ed  r e a d i l y  in  DMF to  
g iv e ,  a f t e r  d i s t i l l a t i o n ,  63% o f  2 -c y c lo h e x e n y l 2 , 2 , 2 - t r i -  
f lu o r o e th y l  e t h e r  (6 6 ) .
Cl 0CH2CF3
DMF+ CF^I^ONa ~  ~
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t r a n s - 6 - P h e n y l th io - 2 - c y c lo h e x e n - l - o l  was c o n v e r te d  
q u a n t i t a t i v e l y  to  4 -p h e n y l th io -2 -c y c lo h e x e n y l  c h lo r id e  (64) .  
I t  was assumed t h a t  th e  c ru d e  p ro d u c t c o n s is te d  m ain ly  o f 
th e  t r a n s  iso m e r . The r e a c t io n  o f  64 w ith  CF^C^ONa in  DMF 
e t h e r  a t  room te m p e ra tu re  ( 1 1  h o u rs )  o r  a t  80° ( 2  h o u rs )  d id  
n o t  y ie ld  th e  e x p e c te d  t r i f l u o r o e t h y l  e t h e r .  T ic  a n a ly s is
6 1
( s i l i c a  g e l ,  CCl^ th e n  uv in d i c a to r )  r e v e a le d  th e
p re se n c e  o f  fo u r  com ponen ts, one b e in g  m a jo r by i n t e n s i t y .  
E x a m in a tio n  o f  th e  pmr sp ec tru m  showed th e  ab sen ce  o f  6 5 , 
and no e v id e n c e  f o r  any a lc o h o l  o r  d ie n e .  No f u r t h e r  a t te m p ts  
w ere made to  s e p a r a te  o r  c h a r a c t e r iz e  th e  com ponents.
aim  o f  i d e n t i f y i n g  th e  i s o l a t e d  p ro d u c ts  by s p e c t ro s c o p ic  o r  
c h e m ic a l m e th o d s.
S o lu t io n s  o f  th e  £ - n i t r o b e n z o a te  e s t e r s  in  TFE, 
b u f fe r e d  w ith  two e q u iv a le n ts  o f  2 , 6 - l u t i d i n e , w ere s e a le d  
in  am poules and so lv o ly z e d  f o r  8-10 h a l f - l i v e s .  W ith e i t h e r
56., 57. o r  58 , th e  pmr o f  th e  c ru d e  r e a c t i o n  m ix tu re  r e v e a le d  
th e  ab sen ce  o f  any e l im in a t io n  p ro d u c ts .  In  a l l  c a s e s ,  th e  
r a t i o  o f  o l e f i n i c  to  a ro m a tic  to  r in g -m e th y le n e  hydrogens 
was 2 : 5 : 4 ,  a s  would be e x p e c te d  f o r  th e  p re se n c e  o f  an i s o ­
m e r ic  m ix tu re  o f  th e  p h e n y l th io  s u b s t i t u t e d  t r i f l u o r o e t h y l
Cl OCH2CF3
P r e p a r a t iv e  s o lv o ly s i s  ru n s  w ere c o n s id e re d  w ith  th e
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The s o lv o ly s i s  p ro d u c ts  w ere s e p a ra te d  by d ry  column
c h ro m ato g rap h y . The iso m e r ic  m ix tu re ,  67 , was s e p a ra te d  i n t o  
two f r a c t i o n s .  The m ajo r f r a c t i o n  gave a  m ix tu re  o f  6 8  and 
69 and th e  m in o r f r a c t i o n  c o n s is te d  o f  c i s -  and t r a n s - 6 9 .
The c i s / t r a n s  m ix tu re ,  6.9, was n o t  s e p a ra b le  by t i c  on s i l i c a  
g e l  w ith  e i t h e r  C I ^ C ^ ,  E t2 0 , p e n ta n e , h e x a n e , b e n zen e , CHCl^ 
o r  c o m b in a tio n s  o f  p e n ta n e  o r  hexane w ith  E t2 0 . P ro to n  d e ­
c o u p lin g  and c h e m ic a l s h i f t  d a ta  w ere u sed  to  d i f f e r e n t i a t e  
t r a n s - 6 - p h e n y l th io - 2 -c y c lo h e x e n y l 2 , 2 , 2 - t r i f l u o r o e t h y l  e th e r  
( 6 8 ) from  a m ix tu re  o f  c i s -  and t r a n s - 4 - p h e n y l th io - 2 - c y c lo -  
h e x e n y l 2 , 2 , 2 - t r i f l u o r o e t h y l  e th e r s  ( 6 9 ) .
C F ^ l^ O  Hb
a
68 69
(m ix tu re  o f  c i s / t r a n s  iso m ers)
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F or ex am p le , i r r a d i a t i o n  o f  CHaS o f  £ 8  d id  n o t  a l t e r  
th e  m u l t i p l i c i t y  o f  i t s  v i n y l  p a t t e r n ,  F ig u re  4 .  T h is  same 
ty p e  o f  b e h a v io r  was o b se rv ed  w ith  th e  m odel compound 5 5 , 
F ig u re  5 . As e x p e c te d , i r r a d i a t i o n  o f  b o th  CHaS and CHbO 
o f  69. d id  change th e  m u l t i p l i c i t y  o f  th e  v i n y l  r e g io n  o f  6 9 , 
F ig u re  6 . F u r th e r  d e t a i l s  f o r  th e  d e c o u p lin g  e x p e r im e n ts  
can  be found  i n  th e  e x p e r im e n ta l  s e c t io n .
The c h e m ic a l s h i f t  o f  CHaS o f  69., b e in g  a l l y l i c ,  was 
s h i f t e d  d o w n fie ld  r e l a t i v e  to  CHaS o f  6 8 .. T h is  same b e ­
h a v io r  was n o te d  f o r  54 r e l a t i v e  to  55., and o th e r s  in  T ab le
4 .
The s te r e o c h e m is t ry  o f  6 8  was a s s ig n e d  by a n a ly s is  
o f  th e  c o u p lin g  c o n s ta n ts  ( J )  and com parison  w ith  th e  v a lu e s  
o f  J  o b ta in e d  f o r  th e  m odel compound, 58 . F o r 6 j8 , J  ^ =
6 . 0 ,  J  = 8 . 0 ,  J ,  = 2 . 8  Hz, c o n s i s t e n t  w ith  a  p r e f e r r e d
3 0  3d.
t r a n s - d i e q u a t o r i a l  a rran g em en t o f  -SC^H^ and -O C ^C F^.
'CH„CF
H. 68c
F o r  5 8 , J ab = 7 . 0 ,  J &c = 9 . 1  and J&d = 3 .0  Hz.
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F ig u re  4 .  Spin  D eco u p lin g  E x p e rim en t w ith  6 8 .
h v -fre q u e n c y  o f  i r r a d i a t i o n ;  570 , 572 and 587 i s  
a t  th e  v in y l  p ro to n  , Hc ; 338 i s  c a .  c e n te r  o f
Ha (Sam ple a c t u a l l y  was a  m ix tu re  o f  6J3 and 69)
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6 .2 - •  5 .5 4 3 .3 8
F ig u re  5 .  S p in  D eco u p lin g  E x p e rim en t v ;i th  5 5 . h v - f re q u e n c y  o f  i r r a d i a t i o n ;  319 i s  c a .
c e n t e r  o f  578 i s  c a .  c e n t e r  o f  Hc , H j, 416 i s  c a .  c e n te r  o f  H& and 204 Hz
i s  c a .  c e n t e r  o f  r in g  m e th y len e  p r o to n s .
OH
10
F ig u re  6 . S p in  D eco u p lin g  E x p e rim en t w i th  a  M ix tu re  o f  c i s r  and t r a n s - 6 9 .
h v - f re q u e n c y  o f  i r r a d i a t i o n ;  408 Hz i s  c a .  c e n t e r  o f  H& and 382 Hz i s  c a . 
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A aU lc H*
S h i f t  D a ta  and S p l i t t i n g  P a t t e r n s
Compound M u l t i p l i c i t y a CHSb
55 ro u g h  h 3 .2 3
54 b ro ad  s 3 .7 8
58 h 3 .6 0
57 b ro ad  s 3 .9 6
56 b ro ad  s 3 .9 0
6 8 h 3 .4 0
69 b ro ad  s 4 .0 8 °
s = s i n g l e t ,  h  = h e p t e t ,  m = m u l t i p l e t
^ c h e m ic a l s h i f t s  a re  in  ppm d o w n fie ld  from  TMS and th e  
c e n te r  o f  th e  s ig n a l  i s  r e p o r te d




The v a lu e s  f o r  th e  a x i a l - a x i a l  (H^, H2 ) and a x i a l -
90p s e u d o a x ia l  (H^, H^) c o u p lin g  c o n s ta n ts  r e p o r te d  f o r
s h ik im ic  a c id  ( 8 7 ) , J 1 2  = 8 . 4  and J 2 3  = 5 .6  a g re e  w e ll  w ith






The t r a n s / c i s  r a t i o  was a s s ig n e d  by pmr. E x p an sio n  
o f  th e  OCHgCFg re g io n  o f  69 r e v e a le d  two s e t s  o f  q u a r t e t s .  
W ith th e  a ssu m p tio n  t h a t  lo n g  ran g e  c o u p lin g  i s  a b s e n t  f o r
-OCH^CFg o f  b o th  iso m e rs , th e  p e rc e n ta g e s  o f  t r a n s / c i s  was
com puted from  th e  h e ig h t  r a t i o s  o f th e  q u a r t e t  s i g n a l s .  As 
a  co m p ariso n , a  co m p u ta tio n  o f  th e  iso m er r a t i o  was ap p ro x ­
im a ted  by th e  peak  h e ig h t  t im e s  w id th  a t  h a l f  h e ig h t  m ethod. 
F o r  exam p le , 69_ i s o l a t e d  from  th e  s o lv o ly s i s  o f  56 , gave a  
5 7 /4 3  r a t i o  by h e ig h t  m easurem ents and a  6 2 /3 8  r a t i o  by th e  
w id th  a t  h a l f  h e ig h t  tim e s  h e ig h t  m ethod.
The p ro d u c ts  i s o l a t e d  from  th e  p r e p a r a t iv e  s o lv o ly s i s
ru n s  in  TFE a re  sum m arized i n  T a b le  5 .
C o n tro l  e x p e r im e n ts  showed t h a t  th e  p ro d u c ts  w ere 
s t a b l e  to  th e  r e a c t io n  c o n d i t io n s .
70
T ab le  5
P ro d u c ts  I s o l a t e d  from  P r e p a r a t iv e
S o lv o ly s is  in  TFEa
Compound 7o 6 8 % 69 c i s / t r a n s ^ 7o 57 7o y i e ld
56 72 28 4 3 /5 7 6 8
57 69 31 . 5 0 /5 0 - 84
58 78 2 2 5 1 /49 7 78
B u ffe re d  w ith  two e q u iv a le n t s  o f  2 , 6 - l u t i d i n e .  
^ A r b i t r a r i l y  a s s ig n e d .
71
D is c u s s io n
The r e l a t i v e  r a t e s  o f  s o lv o ly s i s  in  TFE f o r  th e  
compounds i n v e s t i g a t e d ,  a r e  sum m arized i n  T a b le  6 .
t r a n s - 6 -P h e n y l th io -2 -c y c lo h e x e n y l  £ - n i t r o b e n z o a te  
( 58) u n d e rg o e s  s o lv o ly s i s  30 tim es  a s  f a s t  a s  m odel compound
3
59 and 2 x 10 tim e s  a s  f a s t  a s  i t s  s a tu r a te d  a n a lo g u e , 6 0 . 
T hese  r e s u l t s  s u g g e s t  t h a t  b o th  th e  d o u b le  bond and s u l f u r  
a r e  in v o lv e d  in  th e  r a t e  d e te rm in in g  i o n i z a t i o n  s te p  o f  5 8 , 





P a r t i c i p a t i o n  by s u l f u r  le a d in g  to  e p is u lfo n iu m
72in te r m e d ia te s  i s  w e l l  known. In  a  sy stem  c lo s e ly  r e l a t e d
73t o  158, G oering  and Howe showed t h a t  th e  h ig h  s o lv o l y t i c  
r e a c t i v i t y  (80% aqueous e th a n o l)  o f  t r a n s - 2 -c h lo ro c y c lo h e x y l  
p h e n y l s u l f i d e  (71) was c o n s i s t e n t  w ith  th e  fo rm a tio n  o f  th e  
e p is u lfo n iu m  in te rm e d ia te  72.. The la r g e  r e l a t i v e  r a t e  r a t i o
Table 6
R e la t iv e  R a te s  o f  S o lv o ly s is  in  TFE a t  120<









57 5 ,2 9 0
58 113,000
k  r e l .
0 . 27
1 . 4
2 9 . 5
OPNB
73
T a b le  6 . ( c o n t . )
7 - l aCompound____________________________ 10 k  sec_______________k r e l .
OPNB 
r ' S *  sc6h 5 60 56 0 .0 1 4
OPNB
61 1 .8 6  0 .0005
S02 C6H5
74
o f  t r a n s - s u l f i d e  71 to  c i s - s u l f i d e  7 3 , k ^ / k ^  = 4 .5  x 10"*, 
em phasized  th e  im p o rtan ce  o f  th e  a b i l i t y  o f  a  s u b s t r a t e  to  
a t t a i n  a  t r a n s  c o p la n a r  r e l a t i o n s h i p  betw een  t h a t  o f  th e  




The p r e p a r a t iv e  s o lv o ly s i s  o f  58 gave 78% o f  6 8 , 
22% o f  a  51 /49  m ix tu re  o f  c i s  and t r a n s -69 and 7% o f  5 7 .
OPNB OCH2 CF3  0 0 1 ^ 3  OPNB
O'"*!, cr*'
s c 6 h5
+
58 6 8  69 57
The la c k  o f  s t e r e o s p e c i f i c i t y , nam ely th e  fo rm a tio n  
o f  c i s  and t r a n s - 6 9  in  e q u a l  am ounts, and th e  h ig h  d e g re e  o f  
r e g i o s p e c i f i c i t y , 787. o f  6 8 , s u p p o r t  th e  in te rm e d ia c y  o f  7 0 .
T h a t o n ly  6 8  and none o f  74 was fo u n d , was n o t e n ­





The t h i o - e t h e r  74 would be formed by s o lv e n t  a t t a c k  a t  th e
h o m o a l ly l ic  p o s i t i o n  o f  th e  e p is u l fo n iu m  i n t e r m e d ia t e  7 0 .
w h ereas  6 8  o r i g i n a t e s  from a t t a c k  a t  th e  a l l y l i c  p o s i t i o n .
In  te rm s  o f  carbonium  io n  c h a r a c t e r ,  a  h ig h e r  d e g re e  o f
p o s i t i v e  c h a rg e  d e n s i t y  i s  e x p e c te d  a t  t h e  a l l y l i c  p o s i t i o n .
Ample p r e c e d e n t  f o r  t h i s  ty p e  o f  s e l e c t i v i t y  i s  known. F or
ex am p le ,  th e  r e a c t i o n  o f  2 - e t h y l t h i o - 1 -p ro p a n o l  o r  1 - e t h y l -
t h i o - 2 -p ro p a n o l  w i th  h y d r o c h lo r i c  a c id  gave 2 - c h l o r o - 1 - p r o p y l  
74e t h y l  s u l f i d e .  These r e s u l t s  a r e  i n t e r p r e t e d  by th e  f o r ­
m a t io n  o f  a  common e p is u l f o n iu m  in t e r m e d ia t e  75. and t h a t  
s t r u c t u r e  76 i s  an im p o r ta n t  re so n a n c e  c o n t r i b u t o r .
S
CH,2 ■CHCH3 CH,2 CHCH©
75 76
76
Analogous b e h a v io r  i s  n o te d  w i th  o th e r  system s where th e
fo rm a t io n  o f  a  c y c l i c  3-membered r i n g  i n t e r m e d ia t e  i s  i n -
i ,4 75,76 v o l v e d . ’
The i s o l a t i o n  o f  7% o f  th e  t h i o - e s t e r  57 , cou p led  
w i th  th e  l a c k  o f  any e v id e n c e  f o r  th e  p re s e n c e  o f  th e  c i s - 
iso m e r ,  56,, i s  v iew ed as  s t r o n g  e v id e n c e  f o r  th e  i n t e r v e n t i o n  
o f  an i o n - p a i r  s p e c i e s  77,» w hich can  r e t u r n  s t e r e o s p e c i f i -  
c a l l y  t o  57. o r  58, o r  can  p ro ceed  t o  70, Scheme XVI. The 
same ty p e  o f  s t e r e o s p e c i f i c i t y  accompanying i n t e r n a l  r e t u r n  
was o b se rv ed  by G o e r i n g ^  i n  h i s  e l e g a n t  work w i th  t h e  c i s - 
and t r a n s - 5 - m e th y l - 2 - c y c lo h e x e n y l  £ - n i t r o b e n z o a t e  sy s tem .
The t r a n s - is o m e r  57 rem ained  s u f f i c i e n t l y  i n e r t  
u n d e r  th e  c o n d i t i o n s  u sed  f o r  th e  p r e p a r a t i v e  s o l v o l y s i s  o f  
5 8 . so  t h a t  th e  f i g u r e  o f  7 % r e p r e s e n t s  a  good v a lu e  f o r  th e  
amount o f  i n t e r n a l  r e t u r n .  The d e t e c t i o n  o f  i n t e r n a l  r e t u r n  
i n  th e  k i n e t i c  ru n s  was p re c lu d e d  by a u t o c a t a l y s i s  and o u r  
i n a b i l i t y  t o  g e t  a c c u r a t e  t i t e r s  when a  b u f f e r e d  (2 , 6 -  
l u t i d i n e )  s o l u t i o n  was u s e d .
F o r  58 , th e  e v id e n c e  s u g g e s t s  t h a t  th e  t i t r i m e t r i c  
r a t e  c o n s ta n t  r e p o r t e d  in  T a b le  6 , r e p r e s e n t s  1007o o f  a 
pathway i n  w hich  s u l f u r  i s  p a r t i c i p a t i n g  in  th e  r a t e  d e t e r ­













P ro d u c ts
78
An i n t e r e s t i n g  com parison  can be made w i th  t r a n s -2 -
p h e n y l th io c y c lo h e x y l  £ - n i t r o b e n z o a t e  (60) and i t s  a n a lo g u e ,
t r a n s - 2 - c h l o r o c y c l o h e x y l  p h e n y l  s u l f i d e  ( 7 1 ) .  At f i r s t
g la n c e  (T ab le  6 ) ,  one i s  s t r u c k  w i th  a  seem ing ly  s low  r a t e
o f  s o l v o l y s i s  f o r  60. in  TFE, k  = 5 .6  X 10 ^ sec  At th e
same t e m p e r a tu r e ,  71 in  80% e t h a n o l ,  has  a  h a l f - l i f e  o f  c a .
2 s e c o n d s . An e s t i m a t e  f o r  th e  d i f f e r e n c e  in  l e a v in g  group
a b i l i t i e s  o f  c h l o r i d e  (C l) and th e  £ - n i t r o b e n z o a t e  an io n
(PNB) i s  r e a d i l y  com puted. F or  t r a n s -5 -m e th y l -2 -c y c lo h e x -
e n y l  £ - n i t r o b e n z o a t e  (78) in  80% aqueous a c e t o n e ^ ^  _
“ 6  -3 .6  X 10 se c  and f o r  t r a n s -5 -m e th y l -2 -e y e lo h e x e n y l
78c h l o r i d e  (79) i n  e th a n o l  , a t  th e  same t e m p e r a tu re ,  k  =
-2  -11 .6  X 10 sec  . A f t e r  c o r r e c t i n g  f o r  th e  d i f f e r e n c e  in
s o lv e n t  i o n i z i n g  powers (YgQ% DMR = - 0 .6 7 3 ,  Y£t0H =
7 9-2 .0 3 3 )  , i t  i s  e s t im a te d  t h a t  7jS s o lv o ly z e s  a t  120°, in
e t h a n o l ,  w i th  k  = 1 .8  X 10 ^ sec  S ince  k01 -x 10^k™TO * Cl PNB
and th e  d i f f e r e n c e  in  i o n i z i n g  a b i l i t y  between TFE and 80% 
e t h a n o l  i s  c a .  a  f a c t o r  o f  1 1  (YTF£ = 1 .0 4 ,  Yg0% EtQH = 0 ) ,  
t h e  e s t im a te d  v a lu e  (k e s t . )  f o r  60 i s  4 .3  X 10 ^ . Then 
ke g t  i s  c a .  10 t im e s  k t « T h is  d i f f e r e n c e  may, in  p a r t ,  be 
due to  c o n f o rm a t io n a l  f a c t o r s .
73G oering  n o te d  t h a t  a  t r a n s - d i a x i a l  co n fo rm a tio n  
was r e q u i r e d  f o r  s u l f u r  p a r t i c i p a t i o n  i n  71.. A n a lo g o u s ly ,  
a  t r a n s - d i a x i a l  c o n fo rm a tio n  sho u ld  be n e c e s s a r y  f o r  s u l f u r
79
p a r t i c i p a t i o n  i n  60 , Scheme XVII.
SCHEME XVII
Cl
s c 6 h 5
71
OPNB
sc 6 h 5
60
s c 6 h 5
Cl
-AG° = 1 . 1  k c a l /m o le
sc 6 h 5
OPNB
-AG° = 1 . 8  k c a l /m o le
I t  seems r e a s o n a b le  t o  assume t h a t  th e  f a c t o r  o f  10
f o r  k / k  , m ig h t be p a r t i a l l y  a t t r i b u t a b l e  t o  th e  l e s s
80f a v o r a b l e  c o n fo rm a t io n a l  e q u i l i b r i u m  w i th  (50, -AAG° = 0 . 7  
k c a l /m o le .  The pmr sp ec tru m  s u g g e s t s  t h a t  in  a p o l a r  s o lv e n t  
(CHClg), a  t r a n s - d i e q u a t o r i a l  a rran g em en t i s  p r e f e r r e d  f o r  
CgH^S- and OPNB. Two sy m m e tr ic a l  h e x t e t s  a r e  o b se rv ed  f o r  
th e  m e th ine  p r o to n s ;  f o r  CH^S, J ^  = 9 .2  Hz, = 9 .2  Hz 
and = 4 .1  Hz and f o r  Cl^O, J ^  = 9 .2  Hz, = 9 .2  Hz
80
and J 2 5  = 4 .1  Hz.
OPNB
60
In  TFE, t r a n s - 4 - p h e n y l th io - 2 - c y c lo h e x e n y l  £ - n i t r o -  
b e n z o a te  57., s o lv o ly z e s  w i th  k r e ^ = 1 . 4  and i t s  c i s  isom er 
5 6 , s o lv o ly z e s  w i th  kr e ^ ~  0 .3 .  Both v a lu e s  o f  kr e ^ in  TFE 
r e p r e s e n t  an i n c r e a s e  compared t o  th e  v a lu e s  t h a t  were ob­
t a i n e d  i n  80% aqueous a c e to n e  (T ab le  1 ) .  The d a t a  th e n
s u g g e s t  t h a t  i n  TFE, t h e  s o lv e n t  a s s i s t e d  pathway (k  ) i ss
b e in g  s u p p re s se d  and t h a t  s u l f u r  p a r t i c i p a t i o n  (FkA1) has  
i n c r e a s e d  f o r  b o th  56, and 57,. S e p a r a t io n  o f  th e  two p r o ­
c e s s e s  (k  and FkA1) was acco m p lish ed  by a Hammett t r e a tm e n t  s
27-29o f  th e  d a t a  in  T a b le  6 ; F ig u re  7 .
81The same v a lu e  o f  (Tj was u s e d  f o r  b o th  J56 and 5 7 . 
We have assumed t h a t  t h e  d i f f e r e n c e  i n  i n d u c t iv e  e f f e c t s  f o r
e i t h e r  th e  a x i a l  o r  e q u a t o r i a l  p h e n y l th io  group  in  56 and 57.
82i s  n e g l i g i b l e .  T a n id a  has  shown t h a t  w i th  a  c o n fo rm a t io n -  
a l l y  r i g i d  sy s tem , no s i g n i f i c a n t  d i f f e r e n c e s  in  rho  ( f * )  






- 4 .0  ..
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61
- 7 .0 - .
0. 60 .4 0 .50 .30.20 0 . 1- 0.1
F ig u r e  7 .  Hammett P l o t  o f  D a ta ,  S e le c te d  from T a b le  6 , 
i n  TFE.
T able 7
P a r t i t i o n i n g  o f  R a te  D a ta  f o r  c i s -  and t r a n s - 4 -  
B h e n y l th io - 2 -c y c lo h e x e n y l  ja -N i tro b e n z o a te
Compound r e l k  se c  s
- 1 F k . 1 s e c  A
- 1 F k . 1 /k .  X 100 A t
OPNB
s c 6 h 5
OPNB
56 0 .2 7 1 .7 8  X 10 -5 8 .5  X 10 -5 83
SC6H5
57 1 .4 1 .7 8  X lO - 5  5 1 .1  X 10 ‘ 5 96
aFrom d a t a  i n  T a b le  6 .
83
s t i t u e n t  i n  CF^C^H -  a  s o lv e n t  o f  low n u c l e o p h i l i c i t y  and 
h ig h  i o n i z in g  pow er. We have a l s o  assumed t h a t  th e  l i n e  
d e f i n i n g  th e  k  pathway i s  t h e  same f o r  56 and 57.
S  """
The v a lu e s  o b ta in e d  f o r  F k ^ ' , k g and th e  p e rc e n ta g e  
o f  s u l f u r  p a r t i c i p a t i o n  (Fk^ 1 / k fc X 100) f o r  J56 and 57 a r e  
r e c o rd e d  in  T a b le  7.
The k i n e t i c  d a t a  i n  T a b le  7 i n d i c a t e  t h a t  s u l f u r  
p a r t i c i p a t i o n  (Fk^?) i s  p redom inan t f o r  b o th  iso m e rs ;  83% 
f o r  56 and 96% f o r  57,. I f  we assume t h a t  p a r t i c i p a t i o n  i n  a 
1 ,4  manner ( k ^ )  i s  s m a l l  r e l a t i v e  to  p a r t i c i p a t i o n  i n  an 
Sn2! f a s h io n ,  th e n  th e  m ajo r  p o r t i o n  o f  th e  k i n e t i c  pathway 
l e a d s  t o  th e  i n t e r m e d i a t e  s p e c i e s  7j0, th e  same in t e r m e d ia t e  
p o s t u l a t e d  f o r  th e  s o l v o l y s i s  o f  58 (Scheme X V III) .
The p ro d u c t  d i s t r i b u t i o n  and i t s  r e l a t i o n s h i p  t o  th e  
p e r c e n ta g e  o f  s u l f u r  p a r t i c i p a t i o n  f o r  56,, 52. and 5J3 i s  
summarized in  T a b le  8 .
The d a t a  in  T a b le  8  m a n i f e s t  a  good c o r r e l a t i o n  b e ­
tw een th e  p e rc e n ta g e  o f  s u l f u r  p a r t i c i p a t i o n  and th e  o b se rv ed  
p ro d u c t  d i s t r i b u t i o n ,  s u p p o r t in g  th e  a s su m p tio n  t h a t  f o r  56 
and 57., 0 .  A lthough  th e  d i f f e r e n c e  i s  s m a l l ,  th e
low er  p e rc e n ta g e  o f  6 8  o b ta in e d  w i th  56. and 57. r e l a t i v e  to  
58 i s  i n  agreem ent w i th  a  s m a l l e r  in vo lvem en t o f  Fk^1 . The 
d i f f e r e n c e  in  th e  c i s / t r a n s  r a t i o  o f  69 f o r  5£ and 57_ a g re e s  
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*
P ro d u c ts
85
FKa » f o r  56.. T h a t  no i n t e r n a l  r e t u r n  p ro d u c t  was o b se rv ed  
f o r  5 7 . can  be u n d e r s to o d ,  s in c e  th e  p ro d u c t  o f  i n t e r n a l  r e ­
t u r n  58 s o lv o ly z e s  r a p i d l y  ^  ^ mi n u t e ) u n d e r  th e  r e a c ­
t i o n  c o n d i t i o n s .  However, s in c e  a common i n t e r m e d i a t e ,  7 7 , 
i s  im p l i c a te d  (Scheme X V I), t h e  p r i n c i p l e  o f  m ic ro s c o p ic  
r e v e r s i b i l i t y  r e q u i r e s  t h a t  i n t e r n a l  r e t u r n  o c c u rs  t o  a 
s i m i l a r  e x t e n t  w i t h  5]_ a s  i t  does  w i th  58 ( c a .  6-7%) .
The i n t e r n a l  r e t u r n  p ro d u c t  o f  56 would be c i s - 6 - 
p h e n y l t h i o - 2 - c y c lo h e x e n y l  £ - n i t r o b e n z o a t e  (79) w hich  sh o u ld  
be s t a b l e  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s .  However, no 
p ro d u c ts  were i s o l a t e d  t h a t  c o u ld  be a s c r i b e d  to  79. n o r  d id  
t i c  m a n i f e s t  th e  p re se n c e  o f  any u n i d e n t i f i e d  s p o t s .  The 
absen ce  o f  79. was ta k e n  as  f u r t h e r  e v id e n c e  f o r  th e  p re se n c e  
o f  80 where a s t e r e o e l e c t r o n i c  b a r r i e r  r e n d e r s  a - a t t a c k  u n ­
f a v o r a b le  .
so X -  °2C- < < 3 > - N°2
The p ro d u c t  and r a t e  d a t a  s u g g e s t  t h a t  u n l i k e  th e  
p r e v io u s  r e p o r t s ' ^ ,  th e  s t e r e o c h e m is t r y  o f  th e  Sn2> r e a c t i o n  
can  be one t h a t  r e s u l t s  from  n u c l e o p h i l i c  a t t a c k  i n  e i t h e r  a
T able 8
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c i s  o r  t r a n s  manner a l th o u g h  t h e r e  seems t o  be a  s m a l l  p r e f ­
e r e n c e  f o r  p a r t i c i p a t i o n  in  a  t r a n s  -  f a s h io n ;  Fk^1^ /
F k » ,  cs 6 .A 56.
83Cope e t  a l .  showed t h a t  t h e  r e a c t i o n  o f  e i t h e r  c i s  
o r  t r a n s - 3 . 5 -d ib ro m o -c y c lo p e n te n e  w i th  d im eth y lam in e  gave 
t r a n s - 1 .2 - b i s ( d im e th y la m in o ) - 3 - c y c lo p e n te n e  ( 8 1 ) ,  a  r e s u l t  
w h ich  can  be e x p la in e d  by an i n t r a m o l e c u l a r  Sn2’ r e a c t i o n  









83 17Cope’ s work , u n l i k e  t h e  work o f  S to rk  and White ,
Si
i m p l i e s ,  as  d o es  o u r  i n v e s t i g a t i o n ,  t h a t  t h e  Sn2’ r e a c t i o n  
c an  o c c u r  w i th  e i t h e r  a  c i s  o r  t r a n s  e n t r y  o f  th e  n u c l e o p h i l e .  
T h is  i s  s i g n i f i c a n t  s in c e  b o th  th e  d im ethy lam ino  group i n  82 
and 83. a s  w e l l  as  th e  p h e n y l th io  group in  56 and 57. does n o t  
p o s s e s s  th e  c a p a b i l i t y  o f  hydrogen  bonding  w i th  th e  d e p a r t i n g  
g r o u p .
n u c l e o p h i l e s  in c a p a b le  o f  hydrogen  b o n d in g ,  e i t h e r  s t e r e o ­
c h e m is t ry  can be e x p e c te d .  We would l i k e  t o  em phasize  t h a t  




P ro d u c ts
The e x p e r im e n ta l  r e s u l t s  s u g g e s t  t h a t  w i th  n e u t r a l
20t i o n s ,  and d e f e r  any d i s c u s s io n  o f  Corey’ s o r  S to rk  and 
W hite ’ s ^  work w i th  a n io n ic  n u c l e o p h i l e s .  I t  would be
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i n t e r e s t i n g  to  i n v e s t i g a t e  and compare th e  s te r e o c h e m ic a l
r e s u l t s  o f  56. and 52. w i th  system s su ch  as  10c (Z = Cl^CH^ONa)
Our e x p e r im e n ta l  e v id e n c e  does  n o t  a g re e  w i th  th e
18 19t h e o r e t i c a l  e v id e n c e  p r e s e n te d  by e i t h e r  D re n th  o r  Anh
who s u g g e s t  t h a t  a  c i s  n u c l e o p h i l i c  e n t r y  i s  th e  p r e f e r r e d
pathw ay i n  a  " c o n c e r te d "  Sn2* r e a c t i o n .  "C o n ce r ted "  i s
d e f in e d  a s  th e  p r o c e s s  where th e  d e g re e  o f  bond b re a k in g
e x c e e d s  t h e  d e g re e  o f  bond m aking.
The i s o l a t i o n  o f  an i o n - p a i r  i n t e r n a l  r e t u r n  p ro d u c t
i s  i n  ag reem en t w i th  a  c o n c e r te d  Sn2’ mechanism (Scheme X V I).
In  t h i s  schem e, a  r a t e  d e te rm in in g  a t t a c k  by s u l f u r  o c c u rs
w i th  57. i n  a  " c o n c e r te d "  manner t o  form th e  i n t i m a t e  io n -
p a i r  s p e c i e s  77 w hich  can r e t u r n  s t e r e o s p e c i f i c a l l y  to  58
( a t t a c k  a t  a )  o r  back  t o  57. ( a t t a c k  a t  y)  . I t  can  a l s o
p ro c e e d  t o  th e  i n t e r m e d i a t e  s o lv e n t  s e p a r a t e d  i o n - p a i r ,  7 0 ,
w h ich  can c o l l a p s e  w i th  s o lv e n t  t o  g iv e  th e  o b se rv e d  p ro d u c ts
A n a lo g o u s ly ,  th e  c i s  iso m er  56. r e a c t s  v i a  a  s i m i l a r  pathway
w i th  th e  f o rm a t io n  o f  th e  i n t i m a t e  io n  p a i r  80 (Scheme XX).
17 25I n  ag reem en t w i th  e a r l i e r  s u g g e s t io n s  ’ , a
" c o n c e r te d "  Sn2* a t t a c k  w i l l  o c c u r  when th e  p h e n y l th io  group
o c c u p ie s  t h e  p s e u d o - a x ia l  p o s i t i o n  in  e i t h e r  56 o r  57..
Assuming t h a t  83 and 84 r e p r e s e n t  p o i n t s  a lo n g  th e  r e a c t i o n
c o o r d in a t e  t h a t  re se m b le  th e  s t a r t i n g  m a t e r i a l s  56 o r  57
84more th a n  th e  i n t i m a t e  io n s  80 o r  TJ_, r e s p e c t i v e l y  , we see
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SCHEME XX
t h a t  a  more f a v o r a b l e  o v e r la p  o f  th e  d e v e lo p in g  i f  sy stem
e x i s t s  w i th  84. I t  i s  a l s o  n o te d  t h a t  Sn2' r e a c t i o n s  have
b een  shown t o  o c c u r  r e a d i l y  when th e  l e a v in g  g roup  i s  f ix e d
85i n  a  p s e u d o - e q u a t o r i a l  p o s i t i o n .  I t  th e n  seems r e a s o n a b le  
t h a t  t h e  s m a l l  p r e f e r e n c e  f o r  t r a n s  Sn2» a t t a c k  be a t t r i b u t ­
a b le  t o  a  d i f f e r e n c e  i n  o r b i t a l  o v e r l a p .
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We have assumed t h a t  th e  s o lv e n t  a s s i s t e d  pathway
(k g) i s  th e  same f o r  56 and 57 . I n s p e c t i o n  o f  m odels r e v e a l s
t h a t  t h e  k p r o c e s s ,  b e in g  a  Sn2 com ponent, would be more s
h in d e r e d  w i th  th e  t r a n s  iso m e r ,  57.. A d d i t i o n a l l y ,  i f  th e  
c i s / t r a n s  p ro d u c t  r a t i o  o f  69. from 56. i s  n o t  c o n s id e re d  s i g ­
n i f i c a n t l y  d i f f e r e n t  from t h e  r a t i o  o b se rv ed  from  57_, i t  i s  
p o s s i b l e  t h a t  t h e  v a lu e  o f  Fk ^ 1 o f  83% f o r  56 may be a  low er 
l i m i t  and t h a t  Fk^ 1 c i s  ap p ro a c h e s  Fk^ 1 t r a n s .
F i n a l l y ,  an a l t e r n a t i v e  mechanism t o  a c c o u n t  f o r  th e s e  
r e s u l t s  i s  o u t l i n e d  i n  Scheme XXI. Here an i o n - p a i r  mechanism 
i s  d e p i c t e d  i n  w hich  a  r a p i d  r e v e r s i b l e  fo rm a t io n  o f  an
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77i n t i m a t e  s y m m e tr ic a l  i o n - p a i r  s p e c i e s  (85 o r  8 6 ) , w hich  can 
u n d erg o  i n t e r n a l  r e t u r n  t o  58 o r  79., r e s p e c t i v e l y ,  i s  p o s tu ­
l a t e d .  A r a t e  d e te rm in in g  a t t a c k  by s u l f u r  a t  85 o r  8 6  
l e a d s  t o  th e  s o lv e n t  s e p a r a t e d  i o n - p a i r  70, w hich  r e a c t s  
w i th  s o lv e n t  t o  g iv e  p r o d u c t s .
SCHEME XXI
57 58 79 56





P ro d u c ts
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C e r t a i n l y ,  e i t h e r  th e  " c o n c e r te d "  o r  th e  " i o n - p a i r "  
pa thw ays a r e  r e a s o n a b le  e x p la n a t io n s  f o r  th e  d a t a  o b t a in e d .  
However, b e f o r e  any d i s t i n c t i o n  can  be made, more d e f i n i t i v e  
e x p e r im e n ts  w i l l  have t o  be p e r fo rm e d .  E s p e c i a l l y  i n t e r e s t ­
i n g ,  would be t h e  s o l v o l y t i c  b e h a v io r  o f  c i s - 4 - p h e n y l s u l f o n y l -  
2 - c y c lo h e x e n y l  £ - n i t r o b e n z o a t e .
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EXPERIMENTAL
G e n e r a l . P ro to n  m a g n e tic  re so n a n c e  (pmr) s p e c t r a  
were r e c o rd e d  on a  JOEL JNM-MH-100 o r  on a  V a r ia n  A-60 
s p e c t r o m e te r .  U n le ss  o th e r w is e  s t a t e d ,  t h e  s p e c t r a  were 
ru n  i n  CDCl^ and c h e m ic a l  s h i f t s  a r e  r e p o r t e d  i n  p a r t s  p e r  
m i l l i o n  ( S ) d o w n f ie ld  from t e t r a m e t h y l s i l a n e  a s  an  i n t e r n a l  
s t a n d a r d .
I n f r a r e d  ( i r )  s p e c t r a  were r e c o rd e d  on a  P e r k in -  
E lm er 337 s p e c t ro m e te r  a s  n e a t  l i q u i d s  o r  as  s o l u t i o n s .
M e lt in g  p o i n t s  were d e te rm in e d  on a  Thomas-Hoover 
U n i-m e lt  a p p a r a tu s  and a r e  u n c o r r e c t e d ,  a s  a r e  b o i l i n g  
p o i n t s .
E le m e n ta l  a n a l y s i s  were p erfo rm ed  by Ms. L. H eavner 
o r  Ms. G. Lambert a t  t h e  U n i v e r s i t y  o f  New H am pshire .
M a t e r i a l s .  P y r i d i n e ,  d im ethy lfo rm am ide  (DMF), 1 ,2 -
d im e th o x y e th a n e  (DME), b e n z e n e ,  and d i e t h y l  e t h e r  were d r i e d
86and p u r i f i e d  by s ta n d a r d  p r o c e d u re s .  DMF and DME were 
s t o r e d  o v e r  L inde 4A s i e v e s ,  p y r id i n e  o v e r  C a ^  and benzene  
and d i e t h y l  e t h e r  o v e r  sodium w i r e .
T h io p h e n o l ,  t r i e t h y l a m i n e  and t h i o n y l  c h l o r i d e  were 
d i s t i l l e d  p r i o r  t o  u s e .  2 ,6 - L u t i d i n e  was f r a c t i o n a l l y  d i s ­
t i l l e d  and a  c e n t e r  c u t  b o i l i n g  a t  144-145° was ta k e n  and
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s to r e d  o v e r  L inde  4A s i e v e s .  2 , 2 ,2 - T r i f l u o r o e t h a n o l  (H alo-
c a rb o n  C o .)  was p u r i f i e d  a c c o rd in g  t o  D a f fo m  and 
87S t r e i t w e i s e r . The f r a c t i o n  b o i l i n g  a t  74 -74 .5°  was 
c o l l e c t e d  and s to r e d  o v e r  Linde 4A s e i v e s .  P en tan e  and 
hexane were p a s se d  th ro u g h  a  column o f  s i l i c a  g e l .
ja -N it  ro b e  n z o y l  c h l o r id e  and 3 , 5 - d i n i t r o b e n z o y l  
c h l o r i d e  were r e c r y s t a l l i z e d  from  p e tro le u m  e t h e r  (6 0 -8 0 ° ) .
T h in  l a y e r  c h ro m a to g ra p h ic  p l a t e s  were p r e p a re d  by 
d ip p in g  m ic ro sco p e  s l i d e s  i n t o  a  s l u r r y  o f  c h lo ro fo rm  and 
Brinkmann s i l i c a  g e l  HF-254 and a i r  d ry in g  th e  s l i d e s  o v e r ­
n i g h t .  P r e c o a te d  p l a t e s  were Brinkmann Polygram  ( s i l  N-HR/UV 
2 5 4 ) .  D e a c t iv a te d  s i l i c a  g e l  f o r  d ry  column chrom atography  
(W aters  A s s o c i a t e s )  was used  w i th o u t  f u r t h e r  t r e a t m e n t .
p - M e th o x y - P -n i t r o s ty r e n e  (18) was p re p a re d  a c c o rd in g
40t o  th e  method o f  G a irau d  and L ap p in .  A m ix tu re  o f  n i t r o -  
m ethane  ( 1 0 0  m l ) , £ - a n i s a ld e h y d e  ( 1 0 0  g ) , ammonium a c e t a t e  
(40 g) and a c e t i c  a c id  (400 ml) was r e f lu x e d  f o r  two h o u rs  
and th e n  poured  i n t o  i c e - c o l d  w a te r  (1 l i t e r ) . The r e s u l t ­
in g  s o l i d  was r e c r y s t a l l i z e d  from  ^O/AcOH (3 /5 )  t o  y i e l d
7 4 .3  g (56.7%) o f  JL8 , a s  l i g h t  y e l lo w  n e e d l e s ,  mp 85-86° 
( l i t . 4 0  8 6 - 8 7 ° ) ;  i r  (CHClg): 1520, 1360, (N02 ) ,  970 c n f 1
( t r a n s - a l k e n e ) .  pmr: cT 3 .8 1  ( s ,  3H, OCH^) . 7 .4 8  (d ,  1H,
J = 1 3 .2 Hz, C=C-H), 7 .4 6  (d ,  1H, J= 1 3 .2  Hz, C=C-H), 7 .46  (d ,  
2H, J= 9 .0  Hz, a r o m a t i c ) ,  6 .9 2  (d ,  2H, J= 9 .0  Hz, a r o m a t ic ) .
97
4-M ethoxyphenethy lam ine  (19) was p r e p a re d  a c c o rd in g
t o  t h e  method o f  C la rk e  and P i n d e r ^  and Hamlin and Weston
A s o l u t i o n  o f  £ - m e th o x y - p - n i t r o s ty r e n e  (12 g ) in  300 ml o f
d ry  e t h e r  was added t o  a  w e l l  s t i r r e d  s l u r r y  o f  LiAlH^ (9 g)
i n  400 ml o f  d ry  e t h e r ,  a t  a  r a t e  s u f f i c i e n t  to  m a in ta in  a
43g e n t l e  r e f l u x .  A f t e r  24 h o u rs  , t h e  e x c e s s  LiAlH^ was 
c a u t i o u s l y  d e s t r o y e d  w i th  w a te r  and th e  s o l u t i o n  a c i d i f i e d  
w i th  20% t^SO^ and e x t r a c t e d  w i th  e t h e r .  The aqueous l a y e r  
was made b a s i c  w i th  20% NaOH, e x t r a c t e d  tw ic e  w i th  e t h e r  
(200 m l) and d r i e d  o v e r  ^ C O ^ .  Removal o f  th e  e t h e r  and 
d i s t i l l a t i o n  y i e ld e d  7 .1  g (70.3%) o f  19, w hich  was s to r e d  
u n d e r  ^ : bp 131 -133° /15  mm ( l i t . ^  136°/16 mm); i r  ( n e a t ) :
810 ( jD - d i s u b s t i t u t e d ) , 1230 (C-0) 3350 cm ^ ( N ^ ) ;  pmr: £
1 .4 5  ( s ,  2H, NH2  -  D2 O e x c h a n g e a b le ) ,  2 .7 8  ( c e n t e r  o f  A2 B2  
p a t t e r n ,  4H, - C ^ - C ^ - ) ,  3 .7 4  ( s ,  3H, 0CH3) 6 . 8  (d ,  2H, J= 
9 .0  Hz, a r o m a t ic ) ,  7 .1 6  (d ,  2H, J= 9 .0  Hz, a r o m a t ic ) .
2 ,5 -D ih y d ro -4 -m e th o x y p h en e th y lam in e  (20) was p re p a re d
42a c c o rd in g  t o  th e  method o f  C la rk e  and P in d e r .  A s o l u t i o n  
o f  4 -m ethoxyphene thy lam ine  (20 g) in  m e th an o l  (160 ml) was 
added o v e r  a  p e r io d  o f  one hour t o  a  w e l l  s t i r r e d  s o l u t i o n  
o f  sodium (25 g) i n  l i q u i d  NH  ^ (1400 m l ) . An a d d i t i o n a l  5 g 
o f  sodium was added and th e  s t i r r i n g  was c o n t in u e d  f o r  30 
m in u te s .  P e r s i s t a n c e  o f  a  b lu e  c o lo r e d  s o l u t i o n  i n d i c a t e d  
c o m p le t io n  o f  th e  r e a c t i o n .  The e x c e s s  sodium was d e s t r o y e d
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w i th  m e th a n o l ,  and w a te r  was added c a u t i o u s l y  u n t i l  t h e
te m p e ra tu re  r e a c h e d  2 5 ° .  E x t r a c t i o n  w i t h  e t h e r ,  d r y in g  o v e r
K2 CO3 , rem oval o f  th e  s o lv e n t  and d i s t i l l a t i o n  y i e l d e d  1 0 . 2  g
(50.5%) o f  20 , w hich  was s to r e d  u n d e r  n i t r o g e n :  bp 1 2 6 -1 2 8 .5 /
42
15 mm ( l i t .  140/16 mm); i r  ( n e a t ) :  1210 ( C - 0 ) , 1660, 1695
(C=C), 3350 cm" 1  (NH2 ) ; pmr: £  1 .39  ( s ,  2H, - D20 e x ­
c h a n g e a b le ) ,  2 .1 1  ( t ,  2H, CH2 ) . 2 .7 3  ( c e n t e r  o f  m, 6 H, 
C ^ -C H g ) ,  3 .5 3  ( s ,  3H, 0CH3) , 4 .6 0  (b ro ad  s ,  1H, CH = C ) ,
5 .4 2  (b road  s ,  1H, OC = CH).
4 -M eth o x y p h en e th y lace tam id e  ( 2 5 ) . A c e ty l  c h l o r i d e  
(4 .3 1  g) was added d ro p w ise  t o  a  s t i r r e d  m ix tu re  o f  4 -m ethoxy­
p h e n e th y lam in e  (7 .5 5  g) and d ry  p y r id i n e  (3 .9 5  g ) , h e ld  a t  
c a . -5° by means o f  an i c e - s a l t  b a t h .  C h lo ro fo rm  (70 ml) 
and w a te r  (30 ml) were added and th e  c h lo ro fo rm  l a y e r  was 
washed w i th  w a t e r ,  5% HC1, 5% NaOH and d r i e d  o v e r  K^CO^. 
Removal o f  th e  s o lv e n t  and r e c r y s t a l l i z a t i o n  from  3 :5  C^Hg/ 
n -h ex an e  gave 7 .9  g (81.57<>) o f  25., a s  a  w h i te  f l o c u l a r  s o l i d ,  
mp 8 4 .5 -8 6 ° ;  i r  (CH Cl^ : 3450 (NH), 1670 cm- 1  (C=0); pmr cf
1 .9 3  ( s ,  3H, C0CH3 ) ,  2 .7 7  ( t ,  2H, J= 7 .0  Hz, Ar CH2 ) ,  3 .4 8  
(q ,  2H, J = 7 .0 Hz, C ^ - N ) ,  3 .8 1  ( s ,  3H, CH3 0 A r ) , 6 .0 4  (b road  
s ,  1H, m C 0 ) ,  6 .9 2  (d ,  2H, J = 9 .0  Hz, a r o m a t ic -H ) , 7 .1 8  (d ,
2H, J = 9 .0 Hz, a ro m a t ic -H ) .
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A n a l . Calcd  f o r  c ,  6 8 .3 5 ;  H, 7 .8 4 ;
N, 7 .2 5 .  Found: C, 6 8 .5 8 ;  H, 7 .8 1 ;  N, 7 .0 0 .
2 .5 -D ih y d ro -4 -m e th o x y p h e n e th y la c e ta m id e  ( 2 4 ) .  A 
s o l u t i o n  o f  4 -m e th o x y p h e n e th y la c e ta m id e  (28 g) i n  m eth an o l 
(130 m l) was added d ro p w ise  to  a  w e l l  s t i r r e d  m ix tu re  o f  
sodium  (63 g ) i n  l i q u i d  NH^ (1800 m l) .  An a d d i t i o n a l  6 .5  g 
o f  sodium was added and th e  m ix tu re  was s t i r r e d  f o r  30 
m in u te s .  The e x c e s s  sodium was d e s t r o y e d  w i th  m e th a n o l ,  
t h e  ammonia e v a p o ra te d  u n t i l  c a .  700 ml rem a in ed ,  and w a te r  
added c a u t i o u s l y  u n t i l  t h e  te m p e ra tu re  re a c h e d  2 5 ° .  The 
m ix tu re  was e x t r a c t e d  tw ic e  w i th  e t h e r  ( 2 0 0  m l) and th e  
e t h e r e a l  e x t r a c t s  were washed w i th  w a te r  and d r i e d  o v e r  
K2 CO3 . Removal o f  th e  s o lv e n t  and r e c r y s t a l l i z a t i o n  from 
1 :4  CH Clg/n-hexane gave 1 9 .3  g (66.5%) o f  24 , mp 6 8 - 6 8 .5 ° ;  
i r  (CC14 ) :  3300 (NH), 1660 cm- 1  (C=0); pmr (CC14 ) : &  1 .83
( s ,  3H, COCHg), 2 .0 8  ( ro u g h  t ,  2H, C=C-CH„-CH„). 3 .2 2  ( c e n t e r  
o f  m, 2H, CH^.-N), 2 .6 0  ( c e n t e r  o f  m, 4H, C=C-CH„) ,  3 .42  ( s ,  
3H, 0CH3 ) ,  7 .5 4  ( ro u g h  s ,  1H, NHCO).
A n a l.  C alcd  f o r  ^ 2 .1 ^ 1 7 ^ 2 : ^ 8 .7 9 ;  N,
7 .1 7 .  Found: C, 6 7 .5 2 ;  H, 8 .7 4 ;  N, 7 .3 4 .
2 .5 -D ih y d ro -4 -m e th o x y p h e n e th y l  M e th a n e su lfo n a te  ( 3 7 ) . 
M e th a n e su lfo n y l  c h l o r id e  (3 .7 7  g) was added o v e r  a  p e r io d  o f  
f i v e  m in u te s  t o  an i c e - c o l d  m ix tu re  o f  2 ,5 -d ih y d ro -4 -m e th o x y -
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p h e n e th y l  a l c o h o l  (3 g) i n  p y r id in e  ( 8  m l ) . A f t e r  f i v e  
h o u rs  a t  0 ° ,  i c e - c o l d  w a te r  (60 ml) and i c e  c o ld  5%> HC1 (20 
m l) were added and th e  m ix tu re  was e x t r a c t e d  w i th  e t h e r .  
D ry in g  o v e r  and rem oval o f  th e  s o lv e n t  u n d e r  reduced
p r e s s u r e  gave 2 . 1  g o f  c ru d e  o i l ,  w hich  by pmr was c o n s i s t e n t  
w i th  c a .  74% o f  37; i r  ( n e a t ) :  1350, 1175 cm ^ (S02 ) ;  pmr:
£  2 .6 9  ( c e n t e r  o f  m, C=CCH2) , 2 .79  ( s ,  0S02 CH3) , 3 .3 0  ( s ,  
0CH3 ) ,  4 .2 3  ( t ,  J= 7 .0  Hz, CH2 0S02 ) ,  4 .6 1  (b ro ad  s ,  CH=C),
5 .4 5  (b road  s ,  0C=CH).
N - ( a c e ty l ) - O c ta h y d r o in d o le - 6 -one  ( 2 6 ) . A m ix tu re
o f  2 ,5 -d ih y d ro -4 -m e th o x y p h e n e th y la c e ta m id e  (9 .0  g) and 1 .4  M 
HC1 (185 ml) was h e a te d  a t  r e f l u x  f o r  25 m i n u t e s . B r in e  ( c a .
50 ml) was added t o  th e  c o o le d  m ix tu re  and th e  s o l u t i o n  was 
e x t r a c t e d  tw ic e  w i th  CH2 C12  (150 ml) and d r i e d  w i th  I^COg. 
Removal o f  t h e  s o lv e n t  and d i s t i l l a t i o n  gave 4 .7 4  g o f  a  
c o l o r l e s s  o i l ,  bp 1 7 0 -2 0 2 ° / 0 . 48 mm. Glpc o v e r  a  5 f t ,  5% 
SE-30 - Chromosorb W 60 /80  column a t  2 2 8 ° , He -  60 m l /m in . ,  
showed th e  o i l  to  be a  m ix tu re  o f  3 components i n  a  r a t i o  o f  
9 0 : 9 : 1 .  A p o r t i o n  o f  th e  o i l  (1 .5  g) was chrom atographed  on 
s i l i c a  g e l  u s in g  5.7% MeOH i n  CH2 C12  t o  g iv e  0 .6 1  g o f  26; 
i r  ( n e a t ) :  1710 ( k e to n e ) ,  1640 cm ^ (a m id e ) ;  pmr: S  3 .9 4 -
4 .6 0  (ro u g h  p e n t e t ,  1H, CHN), 3 .3 7 -3 .7 0  (m, 2H, C i y O , 1 .2 0 -  
3 .3 4  (m and o v e r la p p in g  s ,  12H, COCHj, CH^, CH). R e a c t io n  
w i th  2 , 4 - d in i t r o p h e n y lh y d r a z in e  gave 27., a s  a  p a l e  y e l lo w
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s o l i d ;  mp 2 1 7 .5 -2 1 9 ° .
Anal C alcd  f o r  C, 5 3 .1 8 ;  H, 5 .2 9 ;
N, 1 9 .3 8 .  Fouad,; C, 5 3 .2 8 ;  H, 5 .2 5 ;  N, 1 9 .4 2 .
2 ,5 -D ih y d ro -4 -m e th o x y p h e n e th y l  A lco h o l  ( 3 2 ) . A 
s o l u t i o n  o f  4 -m e th o x y p h e n e th y l  a l c o h o l  (50 g) i n  MeOH (300 
m l) was added d ro p w ise  to  a  w e l l  s t i r r e d  m ix tu re  o f  sodium 
(130 g) i n  l i q u i d  NH^ (3000 m l) .  An a d d i t i o n a l  5 g o f  sodium 
was added and th e  m ix tu re  was s t i r r e d  f o r  35 m in u te s .  The 
e x c e s s  sodium was d e s t r o y e d  w i th  m e th an o l  and w a te r  was 
c a u t i o u s l y  added u n t i l  th e  te m p e ra tu re  re a c h e d  2 5 ° .  The 
m ix tu re  was e x t r a c t e d  tw ic e  w i th  e t h e r  (300 ml) and th e  
e t h e r e a l  e x t r a c t  was washed w i th  w a te r  and d r i e d  o v e r  MgSO^. 
Removal o f  th e  s o lv e n t  gave 37 .6  g o f  32 as  a  c ru d e  non- 
d i s t i l l a b l e  y e l lo w  l i q u i d ;  i r  ( n e a t )  1660, 1695 (C=C), 3450 
cm ^ (OH); pmr ( n e a t ) : ^  2 .05  ( ro u g h  t ,  J = 6 .5  Hz, -CH ^), 2 .5 1  
( c e n t e r  o f  m, OCH^, CH^O), 4 .1 6 - 4 .6  (b ro ad  s and o v e r la p p in g  
ro u g h  t ,  0C=CH), 5 .2 3  (b road  s ,  C=CH).
7 - C h lo ro b u ty r y l  d h lo r id e  (48) was p re p a re d  a c c o rd in g
55t o  th e  method o f  Reppe. F r e s h ly  d i s t i l l e d  SOC^ (272 g) 
was s lo w ly  added o v e r  a  p e r io d  o f  one h o u r  to  a  w e l l  s t i r r e d  
m ix tu re  o f  7 - b u ty r o l a c t o n e  (172 g) and f r e s h l y  fu se d  Z n C ^  
( 2 .2  g ) . The m ix tu re  was h e a te d  a t  60-70° f o r  an a d d i t i o n a l
24 h o u r s . A f t e r  e v o l u t i o n  o f  SO2  u n d e r  red u ced  p r e s s u r e  
c e a s e d ,  th e  m ix tu re  was d i s t i l l e d  and th e  f r a c t i o n  b o i l i n g
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a t  10 1 -1 0 5 ° /7 4  ram was c o l l e c t e d  (104 g ) , c o n s i s t i n g  o f  80%
(48) and 20% u n r e a c te d  l a c to n e  (by p m r) . The m ix tu re  was
u se d  w i th o u t  f u r t h e r  p u r i f i c a t i o n  i n  th e  p r e p a r a t i o n  o f  ( 4 9 ) .
7 - C h lo r o b u ty ra ld e h y d e , d i e t h y l a c e t a l  (49) was p r e -
56p a re d  a c c o rd in g  to  th e  method o f  L o f t f i e l d .  I n to  a  l i t e r
f l a s k ,  eq u ip p ed  w i th  a  r e f l u x  c o n d e n s e r ,  e x t e r n a l  s t i r r e r
and gas  i n l e t  and o u t l e t  t u b e s ,  was p la c e d  d ry  to lu e n e  (540
88m l ) ,  Q u i n i l i n e - S  p o iso n  (0 .9  m l ) ,  7 - c h l o r o b u t y r y l c h l o r i d e  
(87 g ,  109 g o f  th e  80 /20  m ix tu re )  and 5% Pd/BaSO^ ( 9 .0  g ) . 
The m ix tu re  was s t i r r e d  v i g o r o u s l y ,  h e a te d  to  a  g e n t l e  r e ­
f lu x  and hydrogen  was b u b b led  th ro u g h  f o r  10 h o u r s .  A f t e r  
c o o l in g  t o  room t e m p e r a tu r e ,  a b s o lu t e  e th a n o l  (130 ml) and 
C a C ^  (26 g) were added and s t i r r i n g  was c o n t in u e d  f o r  18 
h o u r s .  The m ix tu re  was f i l t e r e d ,  washed w i th  NaHCO^, ^ 0  
and d r i e d  o v e r  ^ C O ^ .  Removal o f  t o lu e n e  u n d e r  red u ced  
p r e s s u r e  (70 mm) and d i s t i l l a t i o n  y i e l d s  7 0 .3  g (63.4%) o f
(4 9 ) :  bp 8 9 -9 1 /1 7  mm, l i t 5 6  8 9 -9 2 /1 4  mm; pmr (CD Cl^: £  4 .5  
(m, 1H, C-H ), 3 .6 5  ( c e n t e r  o f  m u l t i p l e t ,  6 H, CH^-Cl, 0-CEL). 
1 .8  (m, 4H, -CHg-CHg-), 1 .16  ( t ,  6 H, J= 7 .5  Hz, -CH3 ) .
4 - P h t h a l i m i d o - l - b u t a n a l  ( 5 1 ) .  I n t o  a  1 l i t e r  f l a s k ,
eq u ip p ed  w i t h  a  d r y in g  tu b e ,  r e f l u x  co n d e n se r  and e x t e r n a l  
s t i r r e r ,  was added p o ta s s iu m  p h th a l im id e  (50 g ) , 7 - c h l o r o -  
b u ty r a ld e h y d e , d i e t h y l  a c e t a l  (43 g) and d ry  DMF (255 m l) .
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The r e s u l t i n g  s l u r r y  was r a p i d l y  s t i r r e d  and h e a te d  f o r  5 
h o u rs  a t  143 -148° , th e n  s t i r r e d  o v e r n ig h t  a t  room tem p era ­
t u r e .  The m ix tu re  was f i l t e r e d  i n t o  1^0 ( 1 .3  1) and e x ­
t r a c t e d  w i th  e t h e r  (775 m l ) . The f i l t e r e d  p r e c i p i t a t e  was 
washed w i th  e t h e r  (200 m l ) . The combined e t h e r  e x t r a c t s  
w ere washed w i t h  0 .2  N NaOH (250 m l ) ,  ^ 0  (250 m l ) ,  and 
d r i e d  o v e r  E v a p o ra t io n  o f  th e  s o lv e n t  u n d e r  red u ced
p r e s s u r e  gave 4 - p h t h a l i m i d o - l - b u t a n a l ,  d i e t h y l  a c e t a l  ( 5 0 ) ,  
a s  a  c r u d e ,  l i g h t  g r e e n i s h - y e l lo w ,  o i l  (6 0 .5  g) . W ithout 
f u r t h e r  p u r i f i c a t i o n ,  50 g o f  th e  o i l  was added to  a 2 l i t e r  
s e p a r a t o r y  f u n n e l  c o n ta in in g  2 N (1500 m l ) ,  e t h e r  (230
m l)  and th e  c o n te n t s  shaken  v ig o r o u s ly  f o r  22 m in u te s .  The 
l a y e r s  were s e p a r a t e d  and th e  aqueous l a y e r  f u r t h e r  e x t r a c t e d  
w i th  e t h e r  (200 m l ) . The combined e t h e r  l a y e r s  were washed 
w i th  1^0 (200 ml) and d r i e d  o v e r  l^CO^. E v a p o ra t io n  o f  th e  
s o lv e n t  u n d e r  red u ced  p r e s s u r e  y i e ld e d  a  w h ite  s o l i d  (3 6 .5  g) 
w hich  was r e c r y s t a l l i z e d  from CgH^/n-hexane (2 /9 )  t o  y i e l d
2 7 .4  g o f  (5 1 ) :  mp 7 3 - 7 4 .5 ° ,  ( l i t . 8 9  7 2 - 7 3 ° ) ;  i r  (CHClg,
d i l u t e  s o l u t i o n )  1770, s h a rp ;  1710 cm \  s t r o n g  (C=0); pmr 
(CDC13) £  9 .8  ( t ,  1H, J=1 Hz, CHO), 7 .7 3  ( c e n t e r  o f  AA»BB', 
4H, a r o m a t ic ) ,  3 .7 4  ( t ,  2H, J= 7 .9  Hz, N-CH2 ) 2 .3 6 -2 .7 8  (m,
2H, -CH2 -CH0), 2 .7 7 -1 .6 7  (m, 2H, CH2 -CH2 -CH2 ) .
l - P y r r o l i d y l - 4 - p h t h a l i m i d o - l - b u t e n e  ( 4 3 ) . In  a  5 1
f l a s k ,  eq u ip p ed  w i th  a  d ry in g  tu b e ,  e x t e r n a l  s t i r r e r  and
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d ro p p in g  f u n n e l ,  was added anhydrous e t h e r  (1040 m l ) ,  4 -
p h t h a l i m i d o - l - b u t a n a l  (5 2 .5  g) and 8  mesh C aC ^  (2 0 .8  g) .
W hile m a in ta in in g  th e  w e l l  s t i r r e d  m ix tu re  a t  0 ° ,  a  s o l u t i o n
o f  p y r r o l i d i n e  (2 0 .6  ml) i n  anhydrous e t h e r  (1040 ml) was
added d ro p w ise  o v e r  a  p e r io d  o f  45 m in u te s .  The m ix tu re  was
f i l t e r e d  and th e  s o lv e n t  was removed u n d e r  red u ced  p r e s s u r e
t o  y i e l d  (4 3 ) ,  6 4 .5  g (99%), as  a  l i g h t  y e l lo w  c r y s t a l l i n e
s o l i d ,  mp 9 0 -9 3 ° ;  i r  (CH Cl^ 1770, 1710 (C=0), 1650 cm" 1
(C-C-N); pmr (C D C lJ  cf  7 .6 4  (AA» BB> , 4 H ), 6 .0 9  (d ,  1H, J=
N
14 Hz, C=C ) ,  3 .4 8 -4 .1 5  ( o v e r la p p in g  p e n t e t ,  J  ,= 1 4  Hz, 
J b c =7 Hz, CH2 c -Ch'=CRaN, and t r i p l e t  J = 7 .0  Hz, N-CH2> t o t a l  
o f  3H ), 2 .4 2 -3 .2 5  (m, 4H) and 2 .0 2 -1 .4 7  (m, 4H, r i n g  
m e th y le n e s ) ,  2 .2 8  ( ro u g h  q u a r t e t ,  2H, J= 7 .5  Hz, CH2 -Cl^-CH=) .
A n a l . C alcd  f o r  ^ ^ 6 ^ g ^ 2 ^ 2 : ^ .7 1 j
N, 1 0 .3 6 .  Found: C, 7 0 .9 0 ;  H, 6 . 6 8 ; N, 9 .9 8 .
7 - P h th a l im id o -5 - fo rm y l-2 -h e p ta n o n e  ( 5 2 ) . M ethyl 
v i n y l  k e to n e  (3 8 .1  ml) was added to  a  s o l u t i o n  o f  1 - p y r r o l i -  
d y l - 4 - p h t h a l i m i d o - l - b u t e n e  (6 3 .5  g) i n  sodium d r i e d  benzene 
( 3 .8  1) and th e  m ix tu re  was s t i r r e d  u n d e r  N2  a t  2 5 ° f o r  7 .5  
h o u r s . Benzene was removed u n d e r  red u ced  p r e s s u r e  u n t i l  c a . 
700-800 ml rem a in ed .  A c e t ic  a c id  (420 ml) and H20 (420 ml) 
w ere added and th e  m ix tu re  shaken  v ig o r o u s ly  f o r  15 m in u te s .  
The l a y e r s  were s e p a r a te d  and th e  aqueous l a y e r  f u r t h e r  e x ­
t r a c t e d  w i th  b e n z e n e . The combined e x t r a c t s  were washed
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w i th  107o HC1, H20 ,  s a t .  NaHCOg, and d r i e d  o v e r  MgSO^. Re­
m oval o f  th e  s o lv e n t  u n d e r  red u ced  p r e s s u r e  gave a  g r e e n i s h -  
y e l lo w  o i l ,  ( 5 6 .8  g ) . The o i l  was d iv id e d  i n t o  two, c a .  25 
g ,  a l i q u o t s .  Each p o r t i o n  was ch rom atog raphed  tw ic e  on a 
s i l i c a  g e l  colum n, e l u t i n g  w i th  d r y  CgHg/Et20 ( 1 : 1 ) ,  t o  y i e l d  
( 5 2 ) , 4 6 .1  g ,  a s  a  c o l o r l e s s  o i l ;  i r  ( n e a t ) :  2710 (C-H,
a ld e h y d e ) ,  1770 s h a r p ,  1705 cm ^ b road  (C =0); pmr (CDCl^) £
9 .4  (d ,  FH, J = 1 .3 Hz, C-H), 7 .4 8  ( c e n t e r  o f  AA« BB» , 4H, 
a r o m a t i c ) ,  3 .6 3  ( t ,  2H, J= 7 .0  Hz, N-CH2 ) , 1 .3 - 2 .6 7  (m, s ,  
10H), C(0)CH3 , -CH g-CH -C^-CH ^ .
A n a l . C alcd  f o r  C ^H ^ N O ^: C, 6 6 .8 9 ;  H, 5 .9 6 ;  N,
4 .8 7 .  Found: C, 6 7 .0 8 ;  H, 6 .1 6 ;  N, 5 .0 0 .
4 - ( 2 ’ - P h th a l im id o e th y l ) - 2 - c y c lo h e x e n - l - o n e  ( 4 4 ) .  A 
m ix tu re  o f  7 -p h th a l im id o - 5 - f o r m y l - 2 - h e p ta n o n e  (46 g) in  d ry  
benzene (900 m l) was added d ro p w ise ,  u n d e r  N2> o v er  a  p e r io d  
o f  25 m in u te s  t o  a  w e l l  s t i r r e d  s l u r r y  o f  p o ta s s iu m  t e r t - 
b u to x id e  (1 8 .4  g) in  d r y  benzene (7 .5  1 ) .  A f t e r  s t i r r i n g  
f o r  an a d d i t i o n a l  30 m in u te s ,  g l a c i a l  a c e t i c  a c id  (153 ml) 
was added and s t i r r i n g  was c o n t in u e d  f o r  10 m i n u t e s . The 
m ix tu re  was f i l t e r e d  and th e  p r e c i p i t a t e  e x t r a c t e d  w i th  
b e n z e n e .  The combined benzene l a y e r s  w ere washed w i t h  H20 ,  
NaHCOg, d r i e d  o v e r  MgSO^ and th e  s o lv e n t  removed u n d e r  r e ­
duced  p r e s s u r e  u n t i l  c a .  2 .5  1 o f  s o l u t i o n  rem a in ed ,  p- 
T o lu e n e s u l f o n ic  a c i d ,  (2 .9  g ) ,  was added and th e  r e s u l t i n g
m ix tu re  s t i r r e d  a t  40-50° f o r  50 m in u te s .  A f t e r  c o o l in g  to  
room t e m p e r a tu r e ,  t h e  m ix tu re  was f i l t e r e d  and th e  p r e c i p i ­
t a t e  washed w i th  b e n z e n e .  Washing th e  combined benzene 
l a y e r s  w i th  H^O, s a t .  NaHCO^, d r y in g  o v e r  MgSO^ and rem oval 
o f  s o lv e n t  u n d e r  red u ced  p r e s s u r e  y i e ld e d  a  y e l lo w  o i l  (2 1 .6  
g ) . Chrom atography o f  t h e  o i l  on s i l i c a  g e l  column (635 X 
50 cm) u s in g  d ry  e t h e r  a s  th e  e l u e n t ,  c o l l e c t i n g  th e  f r a c ­
t i o n s  c o r re s p o n d in g  to  1535-1870 ml o f  e l u e n t ,  and rem oval 
o f  t h e  s o lv e n t  u n d e r  red u ced  p r e s s u r e  gave 4 4 ,  10 .6  g (24.9%) 
as  a  w h i te  g r a n u l a r  s o l i d ,  mp 7 8 -7 9 .5 ° ;  i r  (CHCl^, d i l u t e  
s o l u t i o n )  1765, 1710, 1685 cm ^ (C=0); pmr £  7 .89  (AA* BB’ , 
4H, a r o m a t i c ) ,  7 .0 5  (d ,  d o u b l e t s ,  Hb, J .  =10 Hz, J BO=2 Hz,
—  “  A d  d L
C ^ - C ^  = CHaC (0 ) ,  6 .0 5  (d ,  d o u b l e t s ,  Ha, J AB=10 Hz, J AC=
2 H z), 3 .8 8  ( t ,  2H, J= 7 .0  Hz, N - t t ^ ) ,  1 .4 0 -2 .8 9  (m, 4H) .
A n a l.  Calcd  f o r  c ,  7 1 .3 6 ;  H, 5 .6 1 ;
N, 5 .2 0 .  Found: C, 7 1 .2 7 ;  H, 5 .5 4 ;  N, 5 .0 3 .
2 , 2 , 2 - T r i f l u o r o e t h y l  T r i f lu o r o m e th a n e s u l f o n a t e  (8 8 ) .  
68The method o f  Hansen was u sed  s u b s t i t u t i n g  CF2 SO2 CI f o r  
CF2 SO2 F . A m ix tu re  o f  CF^C^OH (6 g) and f r e s h l y  d i s t i l l e d  
Et^N (6 g) was added d ro p w ise  t o  a  w e l l  s t i r r e d  s o l u t i o n  o f  
CF2 SO2 CI (10 g) and d ry  C ^ C ^  (13 ml) t h a t  was k e p t  i n i t ­
i a l l y  a t  - 7 0 ° .  The m ix tu re  was m a in ta in e d  a t  -30° t o  -40° 
f o r  30 m in u te s  and th e n  a l lo w ed  to  r e a c h  0 ° .  I c e - c o l d  5%
HC1 (12 ml) was added and th e  l a y e r s  s e p a r a t e d .  The aqueous
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l a y e r  was f u r t h e r  e x t r a c t e d  tw ic e  w i th  CHgC^ (15 m l) . The 
combined C I^ C ^  e x t r a c t s  were washed w i th  i c e - c o l d  5% NaOH 
(12 m l ) ,  tw ic e  w i th  1^0 (16 ml) and d r i e d  o v e r  MgSO^. D i s ­
t i l l a t i o n  gave 6 .3  g (46%) o f  88, a s  a  c l e a r  l i q u i d ,  bp 92-  
9 4 ° ,  l i t . 68 8 9 -9 1 ° /740  mm.
2 -C y c lo h ex en y l  2 , 2 , 2 - T r i f l u o r o e t h y l  E th e r  (6 6 ) .
2 , 2 , 2 - T r i f l u o r o e t h a n o l  (1 .42  g) was added d ro p w ise  to  a  w e l l  
s t i r r e d  s u sp e n s io n  o f  NaH (0 .1 4 4  g) in  d ry  DMF (10 m l) .
A f t e r  gas  e v o l u t i o n  s u b s id e d ,  2 - c y c lo h e x e n y l  c h l o r id e  (1 .4 4  
g )  was added and th e  c o n te n t s  h e a te d  o v e r n i g h t ,  c a .  8 h o u r s ,  
a t  8 0 ° .  Water (10 m l) and e t h e r  (15 ml) were added and th e  
aqueous l a y e r  was s e p a r a t e d  and f u r t h e r  e x t r a c t e d  w i th  e t h e r  
(15 m l ) . The combined e t h e r  e x t r a c t s  were washed w i th  ^ 0  
(20 m l) and d r i e d  o v e r  I^CO^. D i s t i l l a t i o n  gave 1 .3  g (63%) 
o f  66: bp 100-103°/1 3 0  mm; pmr : £  5 .5 5 -6 .1 4  (m, 2H, v i n y l ) ,
4 . 0  and 3 .9 1  (b road  s i n g l e t ,  CH0 and q ,  OCH^CFj. J= 9 .0  Hz, 
t o t a l  o f  3H ), 1 .3 - 2 .2 5  (m, 6H, CH2- ) .
A n a l . Calcd f o r  C g H j ^ O :  C, 5 3 .3 3 ;  H, 6 .1 6 .
Found: C, 5 3 .3 9 ;  H, 6 .3 4 .
4 - P h e n y l th io - 2 - c y c lo h e x e n y l  C h lo r id e  (6 4 ) .  The 
method o f  G o e r in g ,  N e v i t t  and S i l v e r s m i t h ^  was em ployed. 
t r a n s - 6 - P h e n y l t h i o - 2 - c y c l o h e x e n - l - o l  (2 .0 0  g) was added t o  a  
s t i r r e d  m ix tu re  o f  t h i o n y l  c h l o r i d e  (0 .7 5  ml) and f r e s h l y  
d r i e d  e t h e r  (12 m l ) . A f t e r  th e  m ild  h e a t in g  and g as  e v o lu -
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t i o n  s u b s id e d ,  th e  e x c e s s  t h i o n y l  c h l o r id e  and e t h e r  were 
removed u n d e r  red u c e d  p r e s s u r e  to  g iv e  2 .1 5  g (99%) o f  6 4 , 
a s  a  l i g h t  y e l lo w  l i q u i d ;  pmr: S  7 .1 3 - 7 .7  (m, 5H, a r o m a t i c ) ,  
5 .5 5 - 6 .0 4  (m, 2H, v i n y l ) ,  4 .3 6 - 4 .6 4  (m, 1H, CHC1), 3 .4 7 - 3 .9 3  
(m, 1H, CHS), 1 .6 4 -2 .6 3  (m, 4H, C j^ ) ;  d i s t i l l a t i o n  gave a 
c l e a r  l i q u i d ,  bp 1 1 3 -1 1 4 ° /0 .2 5  mm; i r  ( n e a t ) :  3050 (m ),
3030 ( s ) ,  2950 ( s ) , 1580 ( s ) , 1475 ( s ) , 1330 ( s ) , 1225 ( s ) ,  
1200 (m), 1190 (m), 1170 (m ), 1025 ( s ) ,  985 (m ), 810 ( s ) ,
740 ( s ) ,  690 ( s ) .
A n a l . C alcd  f o r  C ^ H ^ S C l :  C, 6 4 .1 5 ;  H, 5 .7 8 .
Found: C, 6 3 .8 4 ;  H, 5 .7 2 .
C o o x id a t io n  o f  1 .3 -C v c lo h e x a d ie n e  and T h io p h e n o l .
26The p ro c e d u re  o f  U ebel and A r l t  was fo l lo w e d .  R e a c t io n  o f  
1 ,3 -c y c lo h e x a d ie n e  (2 0 .8  g) w i th  th io p h e n o l  (4 7 .6  g) gave 
c ru d e  d ip h e n y l  d i s u l f i d e  (23 g ) and a  brown l i q u i d  (30 g ) .
An a l i q u o t  o f  t h e  l i q u i d  (15 g) was chrom atographed  on a 
48 X 800 mm F l o r o s i l  colum n, e l u t i n g  w i th  e t h e r / p e n t a n e  o f  
i n c r e a s i n g  e t h e r  c o n t e n t :  7.7%, (650 m l ) ,  10%, (1 l i t e r ) ,  20%
(350 m l ) ,  25% (300 m l ) ,  35% (400 m l ) ,  50% (1 l i t e r ) ,  75%
(800 ml) and 100% (500 m l ) . Twenty m i l l i l i t e r  f r a c t i o n s  
w ere c o l l e c t e d  on an a u to m a t ic  f r a c t i o n  c o l l e c t o r ,  a n a ly z e d  
by t i c  ( s i l i c a  g e l ,  50% , combined and th e  s o lv e n t s
removed u n d e r  red u ced  p r e s s u r e  t o  g iv e  d ip h e n y l  d i s u l f i d e
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( 1 .4  g ) ,  t r a n s - 6 - p h e n y l t h i o - 2 - c y c l o h e x e n - l - o l  ( 3 .6  g ) ,  a  
m ix tu re  o f  t r a n s  6 - and c i s -  and t r a n s - 4 - p h e n y l t h i o - 2 - c y c l o -  
h e x e n - l - o l s  ( 3 .4  g) and c i s -  and t r a n s - 4 - p h e n y l th io - 2 - e y e lo -  
h e x e n - l - o l s  (5 .6  g ) .
t r a n s - 6 - P h e n y l t h i o - 2 - c y c l o h e x e n - l - o l ;  pmr: £  1 .4 -  
2 .4 4  (m, 4H, -C H g-) , 3 .0 8 -3 .3 8  (m, 3H, CHS, 0H-D20 exch an g e­
a b l e ) ,  3 .9 6 - 4 .2 8  (b ro ad  d o u b l e t ,  1H, J=6 Hz, CHO), 5 .4 2 -6 .0 4  
(m, 2H, v i n y l ) ,  6 .8 4 - 7 .8 8  (m, 5H, a r o m a t ic ) .
c i s - and t r a n s - 4 - P h e n y l t h i o - 2 - c y c l o h e x e n - l - d l s : pmr:
X  1 .1 2 -2 .2 6  (m, 4H, CH2 ) ,  3 .8  ( s ,  1H, 0H-D20 e x c h a n g e a b le ) ,  
3 .8 - 4 .1 2  (m, 1H, CHS), 4 .1 4 -4 .4 6  (m, 1H, CHO), 5 .8 - 6 .2  (m,_2g 
v i n y l ) ,  7 .2 - 7 .9 6  (m, 5H, a r o m a t ic ) .
t r a n s - 4 - P h e n y l s u l f o n y l - 2 -c y c lo h e x e n y l  £ - N i t r o b e n z o a te  
( 6 1 ) .  Two e q u i v a l e n t s  o f  s ta n d a r d i z e d  H202 (0 .6  ml) was 
added t o  a  c o o led  s l u s h  c o n s i s t i n g  o f  g l a c i a l  a c e t i c  a c id  
(2 ml) and t r a n s - 4 - p h e n y l t h i o - 2 - e y e l o h e x e n y l  £ - n i t r o b e n z o a t e  
(1 .0 0 5  g) . The m ix tu re  was a llow ed  t o  come t o  room te m p e ra ­
t u r e ,  a d d i t i o n a l  a c e t i c  a c id  (3 m l) was added , and s t i r r i n g  
was c o n t in u e d  f o r  3 .5  h o u rs  a t  2 5 ° .  The m ix tu re  was h e a te d  
f o r  an a d d i t i o n a l  h o u r  on a  steam  b a t h  and pou red  i n t o  i c e  
c o ld  H20 (10 m l ) .  The c ru d e  p ro d u c t  (0 .9 1  g) was r e c r y s t a l ­
l i z e d  from  e t h y l  a c e t a t e  t o  g iv e  0 .5 0 5  g (46.5%) o f  61 , a s  a 
w h i te  g r a n u l a r  s o l i d :  mp 169-170° ( d e c ) ; i r  (CHCl^): 3020 
( s ) ,  1720 ( s ) ,  1605 (m), 1505 ( s ) ,  1440 (m ), 1350 ( s ) , 1310
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( s ) ,  1270 ( s ) ,  1145 ( s ) ,  1135 ( s ) , 1115 ( s ) ,  1100 ( s ) , 1085
( s ) ,  904 (tn), 895 (m ), 875 (m), 710 (m ), 690 (m), 635 (m),
-1  r615 (m) cm ; pmr: $  1 .4 4 - 2 .6  (m, 4H, r i n g  m e th y le n e s ) ,  
3 .7 8 -4 .1 6  (b road  s i n g l e t ,  1H, CHSOp, 5 .3 6 -5 .6 4  (b ro ad  s i n g l e t ,  
1H, CHOCO), 6 .0 - 6 .2 0  (m, 2H, v i n y l ) ,  7 .2 8 -8 .4 0  (m, 8H, 
a r o m a t i c ) ,
A n a l . Calcd f o r  C^gH j^^O ^S: C, 5 8 .9 0 ;  H, 4 .4 2 ;
N, 3 .6 1 .  Found: C, 5 9 .1 2 ;  H, 4 .3 7 ;  N, 3 .6 0 .
t r a n s - 4 - P h e n y l s u l f o n y 1 -2 -c y c lo h e x e n y l  3 , 5 - D i n i t r o -  
b e n z o a te  (15) . R e a c t io n  o f  two e q u i v a l e n t s  o f  ^ 0 2  w i th  
t r a n s - 4 - p h e n y l t h i o - 2 - c y c l o h e x e n y l - 3 ,5 - d i n i t r o b e n z o a t e  u n d e r  
th e  same c o n d i t i o n s  as  r e p o r t e d  f o r  61 , gave a f t e r  r e c r y s t a l ­
l i z a t i o n  from a c e to n e /w a te r  ( 9 . 5 / 0 . 5 ) ,  0 .3 7  g (69%) o f  15, 
a s  p a le  y e l lo w  n e e d le s :  mp 183-184° ( d e c ) ;  i r  ( t h i n  f i l m ) :
3100 (m), 1330 ( s ) ,  1630 (m), 1550 ( s ) ,  1450 (m ), 1345 ( s ) ,
1305 ( s ) ,  1275 ( s ) ,  1165 ( s ) , 1145 ( s ) ,  1070 (m), 1000 (m ),
885 (m ), 725 ( s ) ,  690 ( s ) , cm pmr: S  1 .6 - 2 .6  (m, 4H, 
r i n g  m e th y le n e s ) ,  3 . 8 - 4 .1  (b road  s i n g l e t ,  1H, CHSO2 ) ,  5 .4 8 -  
5 .8  (b road  s i n g l e t ,  1H, CHOCO), 6 .1 - 6 .4 8  (m, 2H, v i n y l )  
7 .4 8 - 8 .1 8  (m, 5H, a r o m a t i c ) ,  8 .9 8 -9 .4 2  (m, 3H, a r o m a t ic ) .
A n a l . Calcd f o r  C ^ H ^ ^ O g S :  C, 5 2 .7 8 ;  H, 3 .7 3 ;
N, 6 .4 8 .  Found: C, 5 2 .8 3 ;  H, 3 .5 2 ;  N, 6 .4 9 .
I l l
t r a n s -  and c i s - 4 - Pheny11 h io - 2 - c v c lo h e x e n v 1 j s - N i t r o -
26b e n z o a t e . The p ro c e d u re  o f  U ebel and A r l t  was fo l lo w e d .
A m ix tu re  o f  t r a n s -  and c i s - 4 - p h e n y l th i o - 2 - c v c l o h e x e n - l - o l s
(3 .8 1  g) i n  d ry  p y r id i n e  was r e a c t e d  w i th  £ - n i t r o b e n z o y l
c h l o r i d e  (3 .4 5  g) to  g iv e  t r a n s - and c i s - 4 - p h e n y l t h i o - 2 -
c y c lo h e x e n y l  £ - n i t r o b e n z o a t e s  (5 .7  g ) a s  a  waxy, y e l lo w
s o l i d .  S e p a r a t io n  o f  th e  m ix tu re  was acco m p lish ed  by d ry
64column ch ro m ato g rap h y . T y p i c a l l y ,  an i n t i m a t e  m ix tu re  o f  
t h e  e s t e r s  ( 4 .3  g) w i th  s i l i c a  g e l  (20 g) was d e p o s i t e d  on 
a  2 X 45" s i l i c a  g e l  column and d e v e lo p e d  w i th  20% 
h e x a n e .  The n y lo n  column was c u t  i n t o  segm ents  b ased  on a 
c o m b in a t io n  o f  t i c  Rf v a l u e s  and o f  t h e  i n t e n s i t i e s  o f  f l u o r  
e s c e n t  bands o b se rv e d  ( s h o r t  w a v e le n g th  uv la m p ) . Cut A 
gave  0 .7  g o f  a  s o l i d  h ig h ly  e n r ic h e d  in  t h e  c i s - i s o m e r .  
R e c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e / h e x a n e  gave pu re  c i s - 
4 - p h e n y l th io - 2 - c y c lo h e x e n y l  £ - n i t r o b e n z o a t e , mp 1 0 3 -1 0 4 .5 ° ;  
pmr: £  1 .8 - 2 .4 8  (m, 4H, r i n g  m e th y le n e s ) ,  3 .7 2 - 4 .0 8  (b ro ad  
s ,  1H, CHS), 5 .4 8 - 5 .8  (b ro ad  s ,  1H, CHO), 5 .8 8 -6 .3 2  (m, 2H, 
v i n y l ) ,  6 .9 2 - 7 .8 8  and 7 .8 8 - 8 .9 4  (o v e r la p p in g  m u l t i p l e t s ,  9H, 
a r o m a t i c ) . Cut B gave 2 .1  g o f  th e  i s o m e r ic  m i x t u r e . Cut C 
gave 1 .5  g o f  a  y e l lo w  s o l i d .  R e c r y s t a l l i z a t i o n  from e t h y l  
a c e t a t e / c y c lo h e x a n e  gave p u re  t r a n s - 4 - p h e n y l t h i o - 2 - c y c l o h e x -  
e n y l  p - n i t r o b e n z o a t e , mp 7 5 .5 -7 7 ° :  pmr: <£ 1 .5 - 2 .6 4  (m, 4H,
r i n g  m e th y le n e s ) ,  3 .8 - 4 .1 2  (b road  s ,  1H, CHS), 5 .4 4 -5 .7 6
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(b ro ad  s ,  1H, CHO), 5 .8 4 - 6 .4 4  (m, 2H, v i n y l ) ,  7 .0 - 7 .9 2  and 
7 .9 6 - 8 .7 6  (m, 9H, a r o m a t ic ) .
K i n e t i c  P r o c e d u r e s . R e a c t io n  r a t e s  were fo llo w e d
by t i t r a t i n g  t h e  p r o d u c t io n  o f  j a - n i t r o b e n z o ic  a c id  o r  3 ,5 -
d i n i t r o b e n z o i c  a c id  w i th  NaOH (0 .0 1  N) t o  th e  b lu e  end p o i n t
66o f  bromothymol b lu e  -  b ro m o c reso l  p u r p le  mixed i n d i c a t o r .  
T i t r a t i o n  o f  s ta n d a rd  s o l u t i o n s  o f  e i t h e r  3 , 5 - d i n i t r o b e n z o i c  
a c id  o r  £ - n i t r o b e n z o i c  a c id  in  2 , 2 , 2 - t r i f l u o r o e t h a n o l  (TFE) 
gave e x p e r im e n ta l  t i t e r s  t h a t  were w i th in  +4% o f  c a l c u l a t e d  
t i t e r s .
S o lu t io n s  ( 0 .0 1 -0 .0 1 5  M) were p r e p a re d  by d i s s o l v i n g  
t h e  weighed s u b s t r a t e  and d i l u t i n g  w i th  TFE i n  a  25 ml v o l u ­
m e t r i c  f l a s k .  A l iq u o t s  (2 .5  ml) were t r a n s f e r r e d  to  am poules, 
s u b s e q u e n t ly  s e a le d  and p la c e d  i n  a  c o n s ta n t  t e m p e ra tu re  
b a t h .  At a p p r o p r i a t e  t im e  i n t e r v a l s ,  ampoules were w ithdraw n 
and quenched i n  d ry  i c e / a c e t o n e .  A f t e r  r e t u r n i n g  to  room 
t e m p e r a tu r e ,  a  2 ml a l i q u o t  was p i p e t t e d  i n t o  a  25 ml e r l e n -  
m eyer f l a s k  c o n ta in in g  c a .  2 ml o f  ^ 0  and c a .  100 mg o f  
i n d i c a t o r ,  and t i t r a t e d  w i th  NaOH (0 .0 1  N) t o  a  l i g h t  b lu e  
end p o i n t ,  th e  f i n a l  volume in  a l l  c a s e s  b e in g  a d ju s t e d  to  
10 ml by a d d i t i o n  o f  ^ 0 .  A l l  t i t r a t i o n s  were perform ed  
u s in g  a  Koch s e l f - f i l l i n g  m ic ro  b u r e t t e  w hich  co u ld  be re a d  
t o  0 .0 1  m l.
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E x c e l l e n t  f i r s t  o r d e r  r a t e  p l o t s  were o b ta in e d  to  
a b o u t  2 -3  h a l f - l i v e s ,  a f t e r  w hich  a u t o c a t a l y s i s  became 
d o m in a n t .  R ate  c o n s t a n t s  were computed from lo g  O ^ " ^ )  = 
- k t /2 .3 0 3  -  c o n s ta n t  by th e  method o f  l e a s t  s q u a re s  w i th  a  
F o r t r a n  program  d ev e lo p ed  f o r  th e  C a ll /3 6 0 -O S  system . Un­
l e s s  o th e rw is e  n o te d ,  e x p e r im e n ta l  i n f i n i t y  t i t e r s  were u sed  
i n  a l l  c o m p u ta t io n s .  A t y p i c a l  k i n e t i c  e x p e r im en t i s  sum­
m a r iz e d  in  T a b le  9 .
T a b le  9
T r i f l u o r o e t h a n o l y s i s  o f  t r a n s - 4 - P h e n v l th io -2 - e y e lo h e x e n y l  £■
N i t ro b e n z o a te  
T ime (m in . )  0 .9609
a t  99 .87  + 0 .0 3 °
X 10“2 N NaOH (ml) 10"*k ( s e c  *■)
0 0 .1 8
15 0 .4 6
34 0 .8 8
48 1 .0 4
61 1 .2 3
78 1 .5 1 11.36 + 0 .3 0
103 1.75
124 1 .98
155 2 .2 2
oo (o b se rv e d ) 3 .3 1
co (com puted) 3 .3 5
E q u ip m en t. V o lu m e tr ic  g la s s w a re  and E rlenm eyer  
f l a s k s  were c le a n e d  w i th  h o t  sodium d i c h r o m a t e - s u l f u r i c  a c id  
s o l u t i o n ,  r i n s e d  w i th  co p io u s  amounts o f  d i s t i l l e d  w a te r  and 
oven d r i e d  o v e r n ig h t  a t  130°. New t e s t  tu b e s  (Kimax 15 X 125
114
nun) u sed  f o r  ampoule p r e p a r a t i o n  were c le a n e d  w i th  h o t  soapy 
w a t e r ,  r i n s e d  w i th  d i s t i l l e d  w a te r ,  and oven d r i e d  as  above .
R a te s  were c a r r i e d  o u t  i n  an i n s u l a t e d  10 g a l l o n  o i l  
b a t h ,  and th e  t e m p e ra tu re  was c o n t r o l l e d  w i t h  a  h e a t in g  e le m e n t 
and a  F i s h e r  t h e r m o r e g u l a t o r - t r a n s i s t o r  r e l a y  u n i t .  At te m p e r­
a t u r e s  o f  5 0 -1 0 0 ° ,  t h e  Beckmann therm om eter  was c a l i b r a t e d  w i th  
a  NBS c e r t i f i e d  th e rm o m ete r .  A l l  t e m p e r a tu re s  from  50-100° 
w ere c o n s ta n t  w i th in  + 0 .0 5 ° .  T e m p e ra tu re s  r e p o r t e d  a t  110 
and 120° a r e  w i th in  + 0 .2 ° .
P ro d u c t  S t u d i e s .  A. t r a n s - 6 -P h e n y l th io - 2 - c y c lo h e x e n v l  
£ - N i t r o b e n z o a te  (58) i n  B u ffe re d  2 , 2 , 2 - T r i f l u o r o e t h a n o l .  A 
s o l u t i o n  (200 m l) o f  1 .4 0 1  g o f  _58 (0 .0 2  M) and 0 .8 4 8  g o f  2 , 6 -  
l u t i d i n e  (0 .0 4  M) in  TFE was s e a le d  i n  a  300 ml ro u n d -b o tto m  
f l a s k  and h e a te d  a t  65° f o r  10 h a l f - l i v e s .  The s o lv e n t  (TFE) 
was removed th ro u g h  a  10 cm V ig reau x  column u n t i l  c a .  5 ml o f  
l i q u i d  re m a in e d .  The r e s i d u e  was ta k e n  up i n  e t h e r  (75 m l ) ,  
washed tw ic e  w i th  H^O (15 m l) ,  tw ic e  w i th  5% HC1 (15 m l ) ,  s a t .  
NaHCO^ (30 m l) and d r i e d  o v e r  I^CO^. E th e r  was removed th ro u g h  
a  10 cm V ig reau x  column to  g iv e  2 .535  g ( c a . 60% TFE by pmr) 
o f  a  p a le  am b er-g reen  l i q u i d .
The c ru d e  m a t e r i a l  was examined f o r  th e  p r e s e n c e  o f  
e l i m i n a t i o n  p r o d u c ts  ( d i e n e ) . The pmr m a n i fe s te d  t h e  p r e s e n c e  
o f  an o l e f i n i c  m u l t i p l e t  c e n te r e d  a t  c a .  5 . 9 ^ .  The r a t i o  o f  
o l e f i n i c  H t o  a ro m a t ic  H t o  r i n g - C l ^ -  was 2 : 5 : 4 ,  a s  would be
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e x p e c te d  f o r  th e  th io p h e n y l  s u b s t i t u t e d  2 -c y c lo h e x e n y l  t r i -  
f l u o r o e t h y l  e t h e r s .  No o l e f i n i c  s i g n a l s  w hich  c o u ld  be a s ­
c r ib e d  t o  d ie n e  were p r e s e n t .
T ic  a n a l y s i s  o f  th e  c ru d e  m ix tu re  on s i l i c a  g e l  (5% 
e t h e r / p e n t a n e ,  uv i n d i c a t o r )  m a n i f e s te d  th e  p re se n c e  o f  3 
m a jo r  com ponents,  R^ = 0 .4 9 ,  0 .3 9 ,  0 .1 6 .  Dry column chroma­
to g ra p h y  ( s i l i c a  g e l ,  5% e t h e r / p e n t a n e )  and c o l l e c t i n g  th e  
f r a c t i o n s  by e l u t i o n  i n  th e  s ta n d a rd  m anner, gave th e  s e p a r ­
a te d  com ponents.
F r a c t i o n  1 c o n s i s t e d  o f  0 .7 5 8  g (68% o f  th e o r y )  o f  
a  c o l o r l e s s  l i q u i d  e x h i b i t i n g  two s p o ts  o f  t i c  = 0 .4 9 ,  
0 .3 9 ;  pmr: £  1 .4 6 -2 .5 4  (m, 4H, r i n g  m e th y le n e s ) ,  3 .2 4 -
3 .5 6  and 3 .6 0 -4 .3 8  ( h e p t e t ,  o v e r la p p in g  q u a r t e t s  J „ _  = 8 . 7Hr
Hz and m u l t i p l e t s ,  m e th in e  and OCH^CF^, t o t a l  o f  4H ), 5 .5 4 -  
6 .2  (m, 2H, v i n y l ) ,  6 .8 8 - 8 .0 8  (m, 5H, a r o m a t ic ) .
A n a l . C alcd  f o r  C14H15F3OS: C, 5 8 .3 3 ;  H, 5 .2 5 .
Found: C, 5 8 .5 0 ;  H, 5 .3 9 .
F r a c t i o n  1 c o n s i s t e d  o f  an i so m e r ic  m ix tu re  o f  6 -  
and 4 - p h e n y l th io - 2 - c y c lo h e x e n y l  2 , 2 , 2 - t r i f l u o r o e t h y l  e t h e r s .  
D eco u p lin g  e x p e r im e n ts  were p e r fo rm e d .  (Note Hz X 0 .0 1  = £ ) .  
I r r a d i a t i o n  o f  th e  v i n y l  m u l t i p l e t  a t  570, 58 0 , o r  587 Hz 
had  no a f f e c t  on th e  h e p t e t  a t  3 .2 4 -3 .5 6  & and c o n v e r s e ly  
i r r a d i a t i o n  o f  th e  h e p t e t  a t  338 Hz a l s o  had no a f f e c t  on 
t h e  m u l t i p l i c i t y  o f  th e  v i n y l  p a t t e r n .  I r r a d i a t i o n  o f  th e
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r i n g  m e th y le n e s  a t  204 Hz a l t e r e d  th e  m u l t i p l i c i t y  a f  th e
v i n y l  p a t t e r n  and c o l l a p s e d  th e  h e p t e t  t o  a  rough  d o u b le t
J  = 6 .0  Hz. The d e c o u p l in g  d a t a  was c o n s i s t e n t  w i th
a s s i g n i n g  th e  h e p t e t  a t  3 .2 4 -3 .5 6  to  CHS o f  6 - p h e n y l th i o -
2 -c y c lo h e x e n y l  2 , 2 , 2 - t r i f l u o r o e t h y l  e t h e r .  D ecoup ling
e x p e r im e n ts  perfo rm ed  w i th  t r a n s - 6 - p h e n y l t h i o - 2 - c y c l o h e x e n -
l - o l  m a n i f e s te d  th e  same b e h a v io r  o f  CHS. Chem ical s h i f t
d a t a  f o r  CHS o f  54 and 57 r e l a t i v e  t o  CHS o f  55^  and 58
r e s p e c t i v e l y ,  su p p o r te d  th e  a s s ig n m e n t .  A n a ly s is  o f  th e
c o u p l in g  c o n s t a n t s  (-OCHa -CHb S0-CHad - ) , J  , = 6 . 0 ,  J , =8.0Z at) be
and J ^ = 2 . 8  Hz was c o n s i s t e n t  w i th  a  p r e f e r r e d  t r a n s  d i -  
e q u a t o r i a l  a r ran g em en t o f  -S0 and -OC^CF^ g ro u p s .  Thus 
t h e  CHS h e p t e t  a t  & 3 .4 0  was a s s ig n e d  s o l e l y  t o  t r a n s - 6 -  
p h e n y l th io - 2 - c y c lo h e x e n y l  2 , 2 , 2 - t r i f l u o r o e t h y l  e t h e r  ( 6 8 ) .  
E xp an sio n  and c a r e f u l  i n t e g r a t i o n  o f  th e  s i g n a l s  a t  £  3 .4 0  
and 3 .6 0 -4 .3 8  gave th e  r a t i o  o f  68 t o  69 as  8 0 /2 0 .
F r a c t i o n  2 gave 0 .0 2 8  g (2.5% o f  th e o ry )  o f  a  l i q u i d  
e x h i b i t i n g  one s p o t  on t i c  ( s i l i c a  g e l ,  5% e t h e r / p e n t a n e  uv 
i n d i c a t o r ) ,  = 0 .3 9 ;  pmr (100 MHz): 1 .4 -2 .4 2  (m, 4H,
r i n g  m e th y le n e s ) ,  3 .7 2 -4 .3 0  ( m u l t i p l e t  and two q u a r t e t s ,  
^ = 9 . 0  Hz, 4H, CHO, CHS and 0CH2CF3) , 5 .8 4 -6 .2 0  (m, 2H, 
v i n y l ) ,  6 .9 0 - 8 .0 4  (m, 5H, a r o m a t i c ) .  I r r a d i a t i o n  a t  408 Hz 
( c a . c e n t e r  o f  CHO e n v e lo p e )  and 382 Hz ( c a . c e n t e r  o f  CHS 
e n v e lo p e )  changed th e  m u l t i p l i c i t y  o f  th e  v i n y l  p a t t e r n  a t
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£  5 . 8 4 - 6 .2 0 ,  c o n s i s t e n t  w i th  th e  a l l y l i c  n a t u r e  o f  b o th  
m e th in e  p r o to n s .  The h e ig h t  r a t i o  o f  th e  q u a r t e t  s i g n a l s  
(OCI^CFg) a t  3 .90  and 3 .8 8  was 5 1 /4 9 .  The pmr d a t a  was 
c o n s i s t e n t  w i t h  th e  p re se n c e  o f  c i s -  and t r a n s - 4 - p h e n y l t h i o -  
2 - c y c lo h e x e n y l  2 , 2 , 2 - t r i f l u o r o e t h y l  e t h e r s  (69) in  c a .  e q u a l  
am o u n ts .
F r a c t i o n  3 gave 0 .1 0 0  g (7% o f  th e o r y )  o f  m a t e r i a l  
t h a t  s lo w ly  s o l i d i f i e d .  I t  was i d e n t i f i e d  as  t r a n s - 4 -  
p h e n y l th io -2 - c y c lo h e x e n y l  £ - n i t r o b e n z o a t e  57. The pmr was 
i d e n t i c a l  t o  t h a t  o f  a u t h e n t i c  57. a s  was t i c  d a t a .  R e c ry s ­
t a l l i z a t i o n  from e t h y l  a c e t a t e / c y c lo h e x a n e  gave p a le  y e l lo w  
n e e d l e s ,  mp 7 5 .5 ° - 7 7 ° .  A mixed m e l t in g  p o in t  o f  th e  n e e d le s  
w i th  a u t h e n t i c  57. showed no d e p r e s s io n .
F r a c t i o n  4 gave 0 .008  g o f  a  r e s id u e  t h a t  rem ained  
u n i d e n t i f i e d .
B. t r a n s - 4 - P h e n y l th io - 2 - c y c lo h e x e n v l  £ -N i t r o b e n z o a te  
(57) in  B u ffe re d  2 , 2 , 2 - T r i f l u o r o e t h a n o l .  A s o l u t i o n  o f
1 .164  g o f  57. (0 .022  M) and 0 .7 0 3  g o f  2 , 6 - l u t i d i n e  (0 .0 4 4  M) 
i n  TFE was s o lv o ly z e d  a t  97° f o r  10 h a l f - l i v e s .  The work-up 
i s  th e  same as  t h a t  d e s c r ib e d  f o r  A. No pmr e v id e n c e  f o r  
d ie n e  f o rm a t io n  was fo u n d .
F r a c t io n  1 gave 0 .7 6 4  g (81% o f  th e o r y )  o f  a  l i q u i d  
e x h i b i t i n g  two s p o ts  on t i c  = 0 .4 9 ,  0 .3 9 .  Pmr a n a l y s i s  
showed f r a c t i o n  1 t o  c o n s i s t  o f  71% o f  t r a n s - 6 - t h i o p h e n y l -
118
2 -c y c lo h e x e n y l  2 , 2 , 2 - t r i f l u o r o e t h y l  e t h e r  (6 8 ) and 29% o f  
c i s -  and t r a n s - 4 - p h e n y l t h i o - 2 - c y c l o h e x e n y l  2 , 2 , 2 - t r i f l u o r o ­
e t h y l  e t h e r s  ( 6 9 ) .
F r a c t i o n  2 gave 0 .0 2 8  g (3% o f  th e o r y )  o f  a  l i q u i d  
e x h i b i t i n g  one s p o t  on t i c  = 0 .3 9 .  The pmr m a n i fe s te d  
th e  p r e s e n c e  o f  c i s -and  t r a n s - 4 - p h e n y l th io - 2 - c y c lo h e x e n y l
2 . 2 . 2 - t r i f l u o r o e t h y l  e t h e r  (69) in  a  50 /50  r a t i o .
F r a c t i o n  3 gave 0 .0 1 9  mg o f  a  r e s i d u e  t h a t  rem ained
u n c h a r a c t e r i z e d .
C. c i s - 4 - P h e n y l th i o - 2 - c y c l o h e x e n y l  £ -N i t r o b e n z o a te  
(56) i n  B u ffe re d  2 , 2 , 2 - T r i f l u o r o e t h a n o l . A s o l u t i o n  o f
0 .7185  g o f  56 (0 .0 2 1  M) and 0 .469  g o f  2 , 6 - l u t i d i n e  (0 .0 4 3  
M) was s o lv o ly z e d  a t  110° f o r  8 h a l f - l i v e s .  The work-up i s  
th e  same as t h a t  d e s c r ib e d  f o r  A. No pmr e v id e n c e  f o r  d ie n e  
fo rm a t io n  was fo u n d .
F r a c t i o n  1 gave 0 .3 8 7  g (66% o f  th e o r y )  o f  a  l i q u i d
w hich  by t i c  and pmr a n a l y s i s  was c o n s i s t e n t  w i th  a  m ix tu re
o f  75% o f  t r a n s - 6 - p h e n y l th io - 2 - e y e lo h e x e n y 1 2 , 2 , 2 - t r i f l u o r o ­
e t h y l  e t h e r  and 25% o f  c i s - 4 -  and t r a n s - 4 - p h e n y l t h i o - 2 - c y c l o -  
h e x e n y l  2 , 2 , 2 - t r i f l u o r o e t h y l  e t h e r s .
F r a c t i o n  2 gave 0 .017  g (3% o f  th e o r y )  o f  a  l i q u i d
w hich  by t i c  and pmr a n a l y s i s  was c o n s i s t e n t  w i th  a  57 /43
m ix tu re  o f  t r a n s - 4 -  and c i s - 4 - p h e n y l th io - 2 - c y c lo h e x e n y l
2 . 2 . 2 - t r i f l u o r o e t h y l  e t h e r s  ( 6 9 ) .
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P ro d u c t  S t a b i l i t y . A s o l u t i o n  o f  0 .2 0 4  g (0 .0 2  M) 
o f  a  m ix tu re  o f  71% o f  68 and 29% o f  6 9 , 0 .116  g (0 .0 2  M) 
o f  £ - n i t r o b e n z o i c  a c id  and 0 .1 5 2  g (0 .0 4  M) o f  2 , 6 - l u t i d i n e  
i n  TFE was s e a le d  and h e a te d  a t  110 + 0 .2 °  f o r  4 9 .5  h o u r s .
The s o lv e n t  was removed u n d e r  red u ced  p r e s s u r e  u n t i l  c a .  5 
ml o f  l i q u i d  re m a in e d .  The r e s i d u e  was ta k e n  up i n t o  e t h e r  
(40 m l ) ,  washed w i th  1^0 (15 m l ) ,  5% HC1 (15 m l ) ,  s a t .
NaHCOg (15 m l ) ,  and d r i e d  o v e r  I^CO^. Removal o f  e t h e r  
u n d e r  red u c e d  p r e s s u r e  r e s u l t e d  in  q u a n t i t a t i v e  r e c o v e ry  o f  
th e  i s o m e r ic  e t h e r s .  The p e r c e n ta g e  rem ained  c o n s ta n t  a t  
71% o f  68 and 29% o f  69 .
In  o r d e r  t o  d i s c o u n t  th e  p o s s i b i l i t y  t h a t  a  p ro d u c t  
d i s t r i b u t i o n  o f  717, o f  68, and 297> o f  69 r e p r e s e n te d  an e q u i l ­
ib r iu m  m ix tu re  o f  t h e  d i a s t e r e o m e r i c  e t h e r s ,  t h e  fo l lo w in g  
e x p e r im e n t  was p e r fo rm e d .  A s o l u t i o n  o f  0 .4 0  g (0 .021  M) o f  
a  m ix tu re  o f  80% o f  68> and 20% o f  69 (o b ta in e d  a t  6 5 ° ) ,  0 .124  
g (0 .0 2 1  M) o f  £ - n i t r o b e n z o i c  a c id  and 0 .1 6 8  g (0 .042  M) o f  
2 , 6 - l u t i d i n e  i n  TFE was s e a l e d  and h e a te d  a t  110 + 0 .2°C  f o r  
49 h o u r s .  A f t e r  th e  u s u a l  w o rk -u p , 0 .196  g (93%) o f  th e  
m ix tu re  c o n s i s t i n g  o f  83% o f  68 and 17% o f  69 was r e c o v e re d .
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APPENDIX A 
T i t r i m e t r i c  R a te  D a ta
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T r if lu o r o e th a n o ly s is  o f  2 -C ycloh exen y l 3 ,5 -D in itr o b e n z o a te
(14) a t 9 0 .0 0  + 0 .5°C
Time (min)___________1 .016  X 10~2 N NaOH (ml) 104k  ( s e c - 1 )
0 0 .3 1
12 0 .6 2
28 0 .9 8
45 1 .4 0
75 1 .6 8
90 1 .7 4
106 1 .8 1
124 1 .90
170 2 .1 8
oo (o b se rv e d ) 2 .3 9
oo (computed) 2 .4 0
T r i f l u o r o e t h a n o l y s i s  o f  2 -C y c lo h e x e n y l  3 ,5 - D in i t r o b e n z o a t e  
(14) a t  9 0 .0 0  + 0 .0 5 °C , Under ^  A tm osphere
Time (min)___________1 .016  X 10“2 N NaOH (ml) 104k  ( s e c " 1)
0 0 .2 1 5
4 0 .3 2 0
10 0 .4 5 0
15 0 .6 0 5
20 0 .7 2 5
27 0 .925





130 2 .1 6
cd (o b se rv e d )  2 .7 0
oo (computed) 2 .7 6
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T r i f l u o r o e t h a n o l y s i s  o f  2 -C y c lo h ex en y l  £ - N i t r o b e n z o a te  (59) 
a t  9 9 .8 7  + 0 .03°C
Time (min)__________ 0 .9 6 0  X 10~2 N NaOH (ml) 105k ( s e c - 1 )
0 0 .36
18 0 .4 0
40 0 .7 1






oo (o b se rv e d ) 3 .0 4
oo (com puted) 3 .10
T r i f l u o r o e t h a n o l y s i s  o f  2 -C y c lo h ex en y l  £ -N i t r o b e n z o a te  (59) 
a t  7 9 .59  + 0 .05°C
Time (min)___________0 .9609  X 10~2 N NaOH (ml) 105k ( s e c " 1)
0 0 .09
86 0 .3 6
198 0 .56
314 0 .8 0





oo (o b se rv e d ) 2 .9 8
oo (com puted) 2 .9 5
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T r i f  l u o r o e th a n o ly s i s  o f  2 -C y c lo h ex en y l  j> -N itro b e n z o a te  (59) 
a t  89 .79  + 0 .0 3 °C , Run A.
Time (min)__________ 0 .9609  X IQ-2 N NaOH (ml) 105k ( s e c " 1)
0 0 .1 7
36 0 .3 6






oo (o b se rv e d ) 2 .87
<n> (computed) 2 .8 6
T r i f l u o r o e t h a n o l y s i s  o f  2 -C y c lo h ex en y l  £ - N i t r o b e n z o a te  ( 59) 
a t  89 .79  + 0 .0 3 °C , Run B
Time (min)__________ 0 .9609  X 10
0 0 .2 1
31 0 .4 4




oo (o b se rv e d ) 2 .9 3
oo (computed) 2 .9 3
N NaOH (ml) 10 k  ( se c  )
4 .1 2  + 0 .3 1
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T r if lu o r o e th a n o ly s is  o f  tr a n s -4 -P h e n y lth io -2 -c y c lo h e x e n y l
£ -N itr o b e n zo a te  (57) a t  99 .87  + 0.03°C
Time (min)__________ 0.9609 X 10“2 N NaOH (ml) 105k  ( s e c " 1)
0 0 .1 8
15 0 .4 6







oo (o b se rv e d ) 3 .32
oo (com puted) 3 .35
T r i f l u o r o e t h a n o l y s i s  o f  t r a n s - 4 - P h e n y l th io - 2 - c y c lo h e x e n y l  
2 , -N i t ro b e n z o a te  (57) a t  89.79 + 0 .03°C
Time (min)__________ 0 .9609  X 10~2 N NaOH (ml) 105k ( s e c " 1)
0 0 .1 4
31 0 .37
66 0 .6 0
107 0.92
159 1 .20




oo (o b se rv e d ) 2 .9 8
oo (com puted) 3 .0 1
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T r if lu o r o e th a n o ly s is  o f  tr a n s -4 -P h e n y lth io -2 -c y c lo h e x e n y l
£ -N itr o b e n z o a te  (57) a t  79 .59  + 0 .05°C
Time (min)__________ 0 .9 6 0 9  X 10~2 N NaOH (ml) 105k s e c " 1
0 0 .1 1
86 0 .3 7
198 0 .7 2




643 1 .7 5
725 1 .8 3
oo (o b se rv e d ) 3 .1 1
oo (computed) 3 .2 5
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T r if lu o r o e th a n o ly s is  o f  c i s -4 -P h e n y lth io -2 -c y c lo h e x e n y l
£ -N itr o b en zo a te  (56) a t  100 .08  + 0.03°C
Time (min)__________ 0 .9566  X 10~2 N NaOH (ml) 105k ( s e c " 1)
0 0.10
30 0 .2 2
75 0 .2 7
135 0 .3 6
230 0 .5 4  1 .52  + 0 .0 1
350 0 .6 7
511 0 .8 7
660 1 .0 4
oo (computed) 2 .12
T r i f l u o r o e t h a n o l y s i s  o f  c i s - 4 -P h e n y l th io - 2 - c y c lo h e x e n y l  
£ - N i t r o b e n z o a te  (56) a t  11 0 .0  + 0 .2°C
Time (min)__________ 0.9566  X 10~2 N NaOH (ml) 105k ( s e c " 1)
0 0 .1 3
20 0 .2 2
80 0 .4 4
170 0 .7 8
260 1 .0 3
313 1 .15
365 1 .25
510 1 .5 4
a> (o b se rv ed ) 2 .2 1
oo (computed) 2 .1 5
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T r if lu o r o e th a n o ly s is  o f  c i s -4 -P h e n y lth io -2 -c y c lo h e x e n y l
£ -N itro b en zo a te  (56) a t 120 .0  + 0 .2 °C , Run A.
Time (min)__________ 0.9566  X 10~2 N NaOH(ml) 105k ( s e c - 1 )
0 0 .1 7
35 0 .5 2
65 0 .7 4
99 0 .9 8 10.26  + 0 .3 5
125 1.16
170 1 .42
258 1 .7 1
oo (o b se rv e d ) 2 .0 9
<® (computed) 2 .0 8
T r i f l u o r o e t h a n o l y s i s o f c i s - 4 - P h e n y l th i o - 2 - c y c lo h e x e n y l
£ - N i t r o b e n z o a te (56) a t 120 + 0 .2 °C , Run B.
Time (min) 0 ,.9566 X 10"2 N NaOH (ml) 105k  ( s e c - 1 )
0 0 .2 5
22 0 .4 8
48 0 .7 5
79 1 .09
99 1 .2 6
120 1 .3 8
120 1 .4 1
141 1.52
172 1.75
oo (o b se rv e d ) 2 .5 4
oo (computed) 2 .5 7
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T r if lu o r o e th a n o ly s is  o f  tr a n s - 6 - Pheny11 h io -  2 - cv c lo h ex en v l
£ -N itro b en zo a te  (58) a t  49 .7 6  + 0.05°C
Time (min)__________ 0 .9 7 5 3  X 10~2 N NaOH (ml) 105k ( s e c " 1)
0 0 .2 2
8 0 .3 2
18 0 .4 0
36 0 .5 4
55 0 .7 7
85 0 .9 8
119 1 .2 1
161 1 .4 0
oo (observed) 2 .2 6
gd (computed) 2 .3 3
T r i f lu o r o e th a n o ly s i s  o f  t r a n s -6 -P h e n y l th io -2 -c y c lo h e x e n y l  
£ -N itro b e n z o a te  (58) a t  59 .8 6  + 0 .04°C
Time (min)__________ 0 .9 7 5 3  X 10~2 N NaOH (m l) 105k ( s e c " 1)
0 0 .3 3
11 0 .5 4
22 0 .7 0
33 0 .9 1
50 1 .1 3
68 1 .3 1
90 1 .5 0  2 0 .2  + 0 .1
120 1 .69
oo (o b se rv e d )  2 .1 1
oo (com puted) 2 .1 0
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T r if lu o r o e th a n o ly s is  o f  tr a n s -6 -P h e n y lth io -2 -c y c lo h e x e n y l
£ -N itr o b e n z o a te  (58) a t  6 5 .1 4  + 0.05°C
Time (m in)__________ 0 .9 7 5 3  X 10~2 N NaOH (m l) 105k ( s e c - 1 )
0 0 .3 7
10 0.66
20 0 .9 0
30 1 .1 1  3 1 .0  + 0 .3
42 1 .3 2
55 1 .4 7
75 1 .6 8
100 1.88
oo (observed) 2 .1 5
od (computed) 2 .22
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T r if lu o r o e th a n o ly s is  o f  tr a n s -2 -P h e n v lth io c v c lo h e x v l
£ -N itro b en zo a te  (60) a t  120 .0  + 0.2°C
Time (m in)__________ 0 .9 7 5 3  X 10~2 N NaOH (m l) 106k ( s e c - 1 )
0 0 .0 1
120 0 .1 5
345 0 .2 4
460 0 .3 6 5 .6 2  + 0 .1 6
790 0 .5 6
1450 0 .8 4
2170 1 .09
2900 1 .3 1
oo (com puted) 2 .0 7
T r i f lu o r o e th a n o ly s i s o f  t r a n s - 4 -P h e n y ls u l fo n v l - 2 - c v c lo h e x e n y l
3 , 5 -D in it ro b e n z o a te (15) a t  120 + 0 .2°C
Time (min) 0 .9 9 6 0  X 10“2 N NaOH (m l) 10^k ( s e c  ^)
570 0 .1 9
1350 0 .3 1
2020 0 .3 6
2800 0 .4 4
3460 0 .4 8 9 .5 3  + 0 .5 6
4360 0 .5 4
7660 0 .8 0
oo (com puted) 1 .9 6
APPENDIX B
F o r tr a n  Program s Used f o r  L e a s t  S quares 
C om putation  o f  R a te  C o n s ta n ts  
and A c t iv a t io n  P a ra m e te rs
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L I ST .
LSQ2 M l  14 MONDAY JUNE IS 1973
10 DIMENSION Y ( 3 0 ) . X ( 3 0 ) . V T ( 3 0 ) .  C O M F V T ( 3 0 ) . E I F F ( 3 0 ) . S O E I F F ( 3 0 )
20 WHITE ( 6 , 1 0 )
30 10 FOHMAT < ' OENTEH THE NUM5ER OF EATA VALUES' )
40 HEAD ( 5 . 4 )  N 
50 WHITE < 6 , IS )
60 IS FOHMAT ( ' CENTER THE VALUE FOR V 1 N F ' )
70 HEAL ( 5 . 4 )  V1NF 
80 WHITE ( 6 . 2 0 )
90 20  FORMAT ( ' CENTER THE VALUES FOR X AND V T ' )
100 HEAE ( S . 4 )  X ( I ) . V T d ) .  1 = 1 . N
103 WRITE ( 6 . 2 5 )
104 25  FORMAT C E  Y ' )
110 EC 30 1 = 1 . N
12E Y ( I )  = ALOG1 B(V1NF - V T d ) )
121 WHITE ( 6 . 2 6 )  Y ( l )
122 26  F O R K A T ( ' 0 « . 1 X . F 9 . 7 )
13e 30  CONTINUE
140 SUM X ■ 0
150 SUM Y = 0
160 SUM XY •  0
170 SUM XX « 0
180 EC 40 1 = 1 . N
190 SUM X > SUM X 4 X ( l )
200  SUM Y » SUM Y 4 Y ( l )
21 0  SUM XX •  SUM XX 4 X ( 1 ) 4 4 2  
220  SUM XY = SUM XY 4 X ( 1 ) 4 Y ( 1 )
23 0  40  CONTINUE 
240  Z •  N
250 EE » SUM X 4 4 2 -  SUM XX 4Z
260  SLOFE « (SUM X 4 SUM Y -  Z 4 SUM XY) / E E
270  5= ( (SUM X4 SUM XY)- (SUM Y4 SUM X X M / E E
. 2 8 0  H =  ( - S L O F E ) 4 2 . 3 0 3
292 WHITE ( 6 . 5 0 )  SLOFE
300  50 FOHMAT ( ' OTHE SLOFE I S ' . 2 X . F 1 3 . 1 0 )
310 WHITE ( 6 . 6 0 )  %
320  60 FOHMAT ( • OTHE VALUE OF THE 1NTEHCEFT 1 S ' . 2 X . F 1 3 . 1 0 )
330  WH1TE(6 . 7 0 )  H
340  70  FORMAT C 0T H E HATE CONSTANT I S ' .  2X.  F 1 3 . 1  0)
345 WHITE ( 6 . 7 5 )
347 7 5  FORMAT( • 0  T I M E ' . 1  E X . • V T ' . 1 0 X . • COMFVT' . 1 0 X . • E l F F • . 1 2 X . • S O E I F F • >
343 H=-(H>
349 5 •  3 4 2 . 3 0 3
350 EC 8 0  1 = 1 . N
360 COMFVT(l )  = V l N F - ( E X F ( R 4 X ( I ) 4 5 ) )
370  C 1 F F ( 1 )  = V T ( l ) - C O M F V T d )
330  S Q E l F F ( l )  = E 1 F F O  ) 4 4 2
390  WRITE ( 6 . 7 7 )  X ( l ) . V T d )  < COMFVT (1 ) . E I F F ( I ) . S Q E 1 F F ( I )
400 77  FORMAT( ' 0 ' . 1 X . F 8 . 1 . 5 X . F 7 . 3 . 3 X . F 7 . 3 . 8 X . F 7 . 3 . 8 X . F 3 . 6 )
41 0  80 CONTINUE 
420  SUM SQ « 0 
43 0  CO 90  1 = 1 . N
450  SUM SQ = SUM SQ 4 S Q C l F F d )
460  90  CONTINUE 
465 Z=N
470 S2 = SUM S Q / ( Z - 2 )
430  WHITE ( 6 . 9 5 )  S2
490  95  FORMATC0THE VARIANCE OF VT VALUES A50UT THE LI NE I S ' .  2X.  F I 6 .  12)  
500 U •  S2/CSUM XX -  ( S UMX4 4 2 / Z) )
510 SE = SQRT(U)
520 WRI TE!6 .  110 )  SE
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INTER THE NUMBER OF DATA VALUES 
79
INTER THE VALUE FOR VINF 
7 3 .3 1
ENTER THE VALUES FOR X AND VT 
7 0 . a 16
7 1 5 . .  465
7 3 4 . .  8 8 0
7 4 8 .1 .0 4  ° ( ]_
761. 1 .2 3  
7 78 . 1 .5 1  
71 0 3 . 1 .7 5  
7 1 2 4 .1 .9 8  
7 1 5 5 .2 .2 2
fc« C .S5 ± o.i* -i\b
Y
0 .4 9 5 5 4 4 4  Q (^  0 , 3 6  V |0  iBC.*1
0 .4 5 4 0 8 2 1  
0 .3 8 5 6 0 6 4  
0 .3 5 6 0 2 6 1  
0 .3 1 8 0 6 3 6  
0 .2 5 5 2 7 2 5  
0 .  1931247 
0 .1 2 3 3 5 1 8  
. 0 .0 3 7 4 2 6 6
THE SLOPE IS  -0 .0 0 2 9 6 5 3 8 4 6  
THE VALUE OF THE INTERCEPT IS  0 .4 9 4 6 2 2 5 2 8 6
THE RATE CONSTANT IS  0 .0 0 6 8 2 9 2 7 6 7
TIME VT COMPVT DIFF SQDIFF
0 .0 0 .  180 0 . 186 - 0 .0 0 6 0 .0 0 0 0 3 6
1 5 .0 0 .4 6 5 0 .4 9 0 - 0 .0 2 5 0 . 000634
3 4 .0 0 .8 8 0 0 .8 3 3 0 .0 4 7  . 0 . 002179
9•CD* 1 .0 4 0 1 .059 - 0 .0 1 9 0 . 000367
6 1 .0 1 .2 3 0 1 .2 5 0 - 0 .  020 0 .0 0 0 4 1 5
7 8 .0 1 .5 1 0 1 .4 7 6 0 . 034 0 .0 0 1 1 4 8
1 0 3 .0 1 .7 5 0 1 .7 6 4 - 0 .0 1 4 0 . 000195
1 2 4 .0 1 .9 8 0 1 .9 7 1 0 .0 0 9 0 . 00009 0
1 5 5 .0 2 .2 2 0 2 .2 2 6 - 0 .0 0 6 0 .0 0 0 0 3  7
THE VARIANCE OF VT VALUES ABOUT THE LINE IS  0 .0 0 0 7 2 8 5 0 0 0 7 6





ACTENERG J l t ( 2 4  ' mONEAY JUNE 18 1973
18 E1MENSION X( 10 ) . Y( ] 81 . W( . l8 )  . XX!  183 .  YY< I 0 )
IS I S  CONTINUE 
20 Ul i lTE ( 6 . 2 1 )
30 21 FORMAT ( '  ENTER THE NUMBER OF EATA POINTS <0 TERMINATES) I • I 
40  HEAD ( 5 . 4 )  N 
45 I F  ( N - 0 )  OO TO 620  
50 WRITE ( 6 . 4 1 )
60 41 FORMAT ( •  ENTER YOUR RATE CONSTANTS.TEMFERATURES.  ANE »
70  WEIGHTING FACTORS’ )
80 REAE ( 5 . 4 )  ( Y ( 1 ) . X ( I ) . V ( 1 > .  1 - 1 . N)
90 NX-0 
100 FN- 0  
110 SX-0 
120 S X 2 -0  
130 SY- 0  .
140 SY2 - 0  
IS0 SXY-0
155 C H - 6 . 6 2 5 E - 2 7
156 C h - 1 . 3 8 E - I 6
157 R - 1 . 9 3 7
160 EO 8 0  l - I . N
161 X ( I ) - X ( 1 )  4 2 7 3 . 1 6
170 Y Y ( 1 ) = ( Y ( I ) 4 C H ) / ( C H 4 X ( 1 ) )
180 YY( 1 )«ALOG(YY<1 ) )
181 Y Y < I ) - R 4 Y Y ( J )
190 X X ( I ) - l . 0 / X ( l )
200  IF ( W ( 1 ) . G T . 0 . 0 )  GO TO 78
210  v o ) - i . e
220  73  CONTINUE 
230  FN«FN4V( 1)
240  SX -  SX 4 X X ( 1 ) 4 W( 1 )
250  SX2 -  SX2 4 X X ( I ) 4 X X ( 1 ) 4 W ( 1 )
2 6 0  SY = SY 4 Y Y ( I ) 4 ' J ( I )
270  SY2-SY24YY! I )4YY( 1 )4W( 1)
280  SXY -SXY 4 X X ( I ) 4 Y Y ( I ) 4 t I ( I )
290  80  CONTINUE 
300  XN-N
310 E- FN4SX2-SX4SX 
320  0 - ( F N 4  SXY-SX4SY) / E  
334  A- ( S Y« SX 2 - S X 4 S XY ) / E  
340  SS Q- 0  
345 EO 3 5 0  1 - 1 . N
3 5 0  3 50  SSQ-SSQ 4 W ( I ) 4 ( Y Y ( I ) - A - 0 4 X X ( 1 ) ) 44  2 
360  S T E 2 - S S Q / C N - 2 )
370  EO-SQRT ( S T E 2 4 F N / E )
3 7 5  EA- ( 1 . 4  SX4 S X / E ) 4 S T E2 / F N
376  EA-SQRT(EA)
450  WRITE ( 6 . 1 4 4 )
460  144 FORMAT ( ’ H E4AL0G(K4H/0H4T)  l / T  T * )
469 EO 4 7 0  1 - 1 . N
47 0 4 7 0 WRITE ( 6 . 4 )  Y ( 1 ) . YY(I  ) . XX(  I ) . X (  I )
475  5 — 0 / 1 0 0 0 .
476  C O- C O/ 1 0 8 0 .
480 WRI TE! 6 .  152 ) 5 .  EO
490 152 F ORMAT! / / '  EELH- '  E I 0 . 3 . ’ 4 -  • E I 0 . 2 )
500  WRITE ( 6 . 1 6 5 )  A.EA
510 165 FORMAT ( •  E E L S - ’ F I 0 . 3 . ' 4 - ’ F 8 . 3 )
520 5 2 0  WRITE ( 6 . 5 3 0 )
530 530  FORMAT ( / / •  ENTER T AT WHICH YOU WISH TO CALCC H »
531 ( 0  TERMINATES)’ >
550 REAL ( 5 . 4 )  TT
560 IF ( T T - 0 . ) GO TO 15 
565 T- TT 4 2 7 3 . 1 6  
570 0 - 0 4  1 0 0 0 .
580 Rh=(CH4T/ CH)  4 E X ? ( - 0 / (R4T) 14EXFCA/ E)
590 WRITE ( 6 . 6 0 0 )  TT.  RH
600 600  FORMAT ( / / . ’ RATE CONSTANT!’ F S . 1 . ’ ) - • E 1 0 . 3 )
610 GO TO 5 20  







ACTENERG 12:28 MONDAY JUNE 18 1973
ENTER THE NUMBER OF DATA POINTS <0 TERMINATES):
73 '
ENTER YOUR RATE CONSTANTS/TEMPERATURES, AND WRIGHTING FACTORS 
7 2 .00E-5 7 9 .5 9  1
74.95E-5 89 .81  1
711.36E-5 9 9 .9 0  1
K P.*ALOGCK*H/EK*T) 1/T . T
0.200000E-04 -8 0 .3 6 4 6  0.283487E-02 352.75
0.495000E-04 -7 8 .6206  0.275505E-02 362.97
0 . U3600E-03 -7 7 .0245  0.2680S4E-02 373.06
DELH= 0 . 217E+02 +- 0 . 13E+00
DELS= -1 8 .9 6 3 + - 0.353
ENTER T AT WHICH YOU WISH TO CALCD K (0  TERMINATES) 
7120.0
rate CONSTANT!120.0)= 0.535E-03





P ro to n  M agnetic  R esonance S p e c tra
F ig u re  1 . PMR (CDCl^) £ -M eth o x y -p -n itro sty ren e  ( 1 8 ) .
500 400 300 200 100 0 Hi
7 0 0 I C O
I C C AO 7 0
1C >0
o h 3o
s.o 7.0 6.0 5.0 4.0 3.0 2.0 1.0
F igu re  2 . PMR (CDCl^) 4-M ethoxyphenethylam ine ( 1 9 ) .






8.0 7.0 4.0 5.0 4.0 3.0 2.0 1.0
F igu re  3 . PMR (CDCl^) 2 ,5 -D ihydro-4-m ethoxyphenethylam ine ( 2 0 ) .
0 Hi400 300 200 100500





r..o ? 0 ».o ??M ( I )5.0 4.0 3.0 2.0 1.0
C H j C H j N H C C H a
i ^ f c v w ■Vvv,^^^vV'V.'
F ig u re  5 . PMR (CCl^) 2 ,5 -D ih yd ro-4-m eth oxyp h en eth ylacetam id e ( 2 4 ) .
400500 300 300 0 Hz100
2 0 0 150 100





1.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
F ig u re  6 .  PMR (CDCl^) N - ( a c e t y l ) — O ctah yd ro in d o le-6 -on e ( 2 6 ) .
500 400 300 200 100 0 Hr
150 mo
!>-H>oo 8 0
5 0 no 20
25 20
8.0 7.0 8.0 5.0 PPM ( « ) 4.0 3.0 2.0 1.0
146
F ig u re  7 . PMR ( n e a t)  2 ,5 -D ih y d ro -4 -m e th o x y p h e n e th y l A lco h o l ( 3 2 ) .
400 300 200500 100
*200 150 00
00 8 0 6 0 40
50 3 04 0 10
20
CH
t r . u d e
, A - ‘
S.O 7 .0 6.0 PPM ( I )5.0 4.0 3.0 2.0 1.0
147
F ig u re  8 . PMR (CDCl^ 4 -P h th a lim id o -l-b u ta n a l ( 5 1 ) .
-150 100 5 0
60
3 0 * ?0:
25 20
5 ^ h 2- c h 2-c h 2- c h o
- i
200
8.0 7.0 4.0 3.0 2.0 1.0
148
F ig u re  9 . PMR (CDCl^) l - P y r r o l id y l - 4 - p h th a l im id o - l - b u t e n e  ( 4 3 ) .
400 200500 300 100 0 Hz
700 100
> H »00 PO
30
70 10
N - C H f  C H jr * C H = C H
1.0 7.0 6.0 PPM ( I 15.0 4.0 3.0 1.0 0
F igu re  10. PMR (CDCl^) 7 -P h th a lim id o -5 -fo rm y l-2 -h ep ta n o n e  ( 5 2 ) .
r f ^ A t e 'C H  r C H ^ G O C H
ife/Hl**rtT'i !f*44l*-rT <-• + »•*-»»* i h •
150
F igu re  11. PMR (CDCl^) 4 - (2 * -P h th a lim id o e th y l) -2 -c y c lo h e x e n - l-o n e  (4 4 ) .















F igu re  13 . PMR (CDC13 ) t r a n s -6 -P h e n y lth io -2 -c y c lo h e x e n - l-o l  ( 5 5 ) .






F ig u re  14 . PMR (CDC1,,) 2 -C y clo h ex en y l 3 ,5 -D in itr o b e n z o a te  (1 4 ) .
J  ' A
O D N B
10
PPM
: - # | -----
F ig u re  15 . PMR (CDClo) t r a n s -4 -P h e n y ls u lfo n y l-2 -c y c lo h e x e n y l 3 ,5 -D in itr o b e n z o a te  (1 5 ) .
J a.
O D N B
10
• ppm ■ : 11 ! I I I I I • I ■ I ■ I I I I I I I I I I I ■ I ■ ! I I I I ■ I ■ -Li-1-1-1 I I I 1 I I I I . I . I . I . I I I I I . I . I . I , I . I . I , I , I . I , I , I , I . I , I , I . II ■ I . I . I! . I .
155





F ig u re  17 . PMR (CDCl^) t r a n s - 2 -P h e n v lth io c v c lo h e x v l  p -N itro b e n z o a te  ( 6 0 ) .
O P N B
10
PPM
«F ig u re  18 . PMR (CDC1„) t r a n s - 6 - P h e n y l th io - 2 - c y c lo h e x e n y l  p -N itro b e n z o a te  ( 5 8 ) .
o  — —  A






IF ig u re  19 . PMR (CDCl^) t r a n s - 4 -P h e n v lth io -2 -c v c lo h e x e n v l p -N itro b en zo a te  (5 7 ) .





F ig u re  20 . PMR (CDC1_) c i s -4 -P h e n y lth io -2 -c y c lo h e x e n y l p -N itro b en zo a te  ( 5 6 ) .




F ig u re  2 1 . PMR (CDCl^) tr a n s -4 -P h e n v ls u lfo n y l-2 -c y c lo h e x e n v l p -N itro b en zo a te  ( 6 1 ) .  A




F ig u re  2 2 . PMR (CDCl^) M ixture o f  20% c i s -  and tr a n s -4 -P h e n y lth io -2 -c y c lo h e x e n v l 2 ,2 ,2 -
T r i f lu o r o e t h y l  E th e r  and 80% t r a n s - 6 - P h e n y l th io - 2 - c y c lo h e x e n y l  2 ,2 ,2 - T r i f l u o r o




F ig u re  2 3 . PMR (CDClg) c i s  and t r a n s - 4 -P h e n y lth io -2 -c y c lo h e x e n y l  2,2 
E th e r  ( 6 9 ) .
o c h , c f 3
, 2 - T r i f l u o r o e t h y 1
APPENDIX D 
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ABSORBANCE 











o o 1— 1
4000 2500 2000 150030003500
(3 3 7 -1207) FREQ UENCY (C M  ') JU D S O N  BIGELOW , INC.
I I ! I I I I I I
l u - T T H
o o
1300 1200 1100 1000 900 800
FREQ UENCY ( C M 1)




c o3500 3000 2500
FREQ U EN CY  (C M ')
2000 1500
JU D S O N  BIGELOW. INC.
(3 3 7 -1 2 0 7 )
Pr..:: t \ 1 ... . .
1300 1200 1100 1000 900 800
FREQ U EN C Y  (C M -’|
700 600 500 400
o o





c o 1— 
4000
cx
3500 3000 2500 2000 1500
(3 3 7 -1 2 0 7 )
' » 1  ^ < < 1 ■ ' f r e q u e n c y  (C M -')
JU D SO N  BIGELOW, INC.
—
1300 1200 1100 1000 900 800 700 600 500 400
FREQ U EN CY  ( C M 1)■---------------------- a____ _ ______________
F igu re 4 .  IR (CHCl^) 4-M ethoxyphenethylacetam ide (25)
.-ssb
168




o oo o 'a
4000 2000 15003500 3000 2500
FREOU£NCrJCM-, |  , JU D S O N  BIGELOW, INC.
I M  I I I I 1 I I I 1 I I M  t t I I 1 I I I I I I  M  > 1 I r t r T T f T T t  t I TI '  I '  [ » I I | I I V
(33 7 -1 2 0 7 )
i±n±uiT.
i i 11 i i '
900 800
FREQ U EN CY  (C M -')








FREQ U EN C Y  (CM  ' |
2000 1500
c o
1300 1200 1100 1000 900 800 700
FREQ U EN C Y  (CM -'J
600 500 400
o o






(3 3 7 -1 2 0 7 )
3000 2500
FREQ U EN CY  ( C M 1)
2000 1500





FREQ U EN C Y  (CM  ')





c o 1—- 
4000
c o
3500 2500 20003000 1500





o o o o
1300 1200 10001100 900
FR EQ U EN C Y  (CM  ’|
700800 600 500 400




(33 7 -1 2 0 7 )
rr'tr-i ri i nr i i i I 1
3000 2500
FREQ U EN CY  (CM -1)
2000 1500
JU D SO N  BIGELOW. INC.
Hu. i.i.i i zrjrin
rrn i
c o
1300 1200 1100 1000 900 800
FREQ U EN CY  (C M -1)
700 - 600 500 400








c o 1— 
4000 150020002500







o o o o
1300 1200 1100 1000 900
FREQ U EN CY  (C M -’)
700 600800 500 400
F igu re 10. IR (n ea t)  7 -P h th a lim id o -5 -fo rm y l-2 -h ep ta n o n e  ( 5 2 ) .
174
fil
FREQ U EN CY  (CM-*)
III!r—
1100 900 800
FREQ U EN CY  (C M  ' |
F igu re 11. IR (CHClg) 4 - (2 '-P h th a lim id o e th y l) -2 -c y c lo h e x e n -







JU D 5 0 N  BIGELOW, INC.
O O
337-1207)
FREQ U EN C Y  ( C M 1)n-T i I i ii
1
1300 1200 1100 1000 900 800




F igu re 12 . IR (n ea t)  2 , 2 ,2 -T r if lu o r o e th y l  T riflu orom eth an e-
s u lfo n a te  (8 8 ) .
4000 3500 3000 2500 2000 1500










1300 1200 1100 1000 900 800 700 600 500 400
FREQUENCY (CM ’)








































1300 1100 1000 7001200 900 800 600 500 400
FREQUENCY ( C M 1)
F igu re 14. IR (CCl^) c i s -  and tr a n s-4 -P h e n y lth io -2 -c y c lo h e x e n -









FREQ U EN C Y  (CM -1)
2000 1500





C X Do o
600 4001300 700 5001200 1100 900
FREQ U EN C Y  ( C M 1)
8001000








3000 2500 2000 1500
FREQ U EN C Y  (C M J )
LLLL .! 'A
m
1300 1200 1100 1000 900 800
F R EQ U EN C Y  (C M -’)
700 600 500 400
o o
F igu re 16 . IR (CHC1-) 2 -C y clo h ex en y l 3 ,5 -D in itro b e n zo a te  (14)
180
0-0 0-0
o m s i
1-0 1-0:::.!




F R EQ U EN C Y  (CM -’)
2000 1500
JU O S O N  BIGELOW , INC.
I
(3 3 7 -1 2 0 7 )
I
1300 1200 1100 1000 900 800
‘  FR E Q U E N C Y  (C M -'|
700 600 500 400
F igu re 17. IR ( th in  f ilm )  t r a n s -4 -P h e n y lsu lfo n y l-2 -c y c lo h e x B n y l-









3500 3000 25004000 2000 500










FREQ UENCY  ( C M ')






4000 C O3500 3000 2500
FREQ U EN C Y  (C M -'J
2000 1500
J U D S O N  B IG E L O W . IN C .





FREQ U EN C Y  (CM  ')
80010001300 1200 1100
F igu re 19. IR (CHC13> tr a n s -2 -P h e n y lth io c y c lo h e x y l £ -






































1300 1200 1100 1000 900 800 700 600 500 400
F R IO U L N C Y (C M ')   _
F igu re 20 . IR (KBr) tr a n s -6 -P h e n y lth io -2 -c v c lo h e x e n y l £ -
N itro b en zo a te  ( 5 8 ) .
184
o.o o.o







4000 3500 3000 2500 2000 1500









700 500 400800 6001000 900110012001300
FREQ UENCY  ( C M ')
F igu re 21 . IR (KBr) t r a n s -4 -P h e n y lth io -2 -c y c lo h e x e n y l £ -







3000 2500 15004000 3500 2000






1300 1200 1100 1000 900 800 7 00 600 500 400
FREQ UENCY  ( C M ' |
F ig u re  22 . IR (CCl^) c i s -4 -P h e n y l th io -2 -c y c lo h e x e n y l  £ -  





u j - 2 0
1-01-0
p oc o 1^
4000 2500
F R E Q U E N C Y  (CM -1)
2000 1500
JU D S O N  BIGELOW. INC.
30003500










FR E Q U E N C Y  ( C M 1)
1000 8001300 1200 1100
F igu re 2 3 . - IR (CHCl^) tr a n s -4 -P h e n y lsu lfo n y l-2 -c y c lo h e x e n y l
£ -N itro b en zo a te  ( 6 1 ) .
